Incentives to value the dispatchable fleet`s operational flexibility across energy markets by Künle, Eglantine































































































































































































SURYLGLQJDPHWKRGWRDQDO\]HWKH LQFHQWLYHV IRUWKHWKHUPDO IOHHW
WR FRQWULEXWH*LYHQ WKH OLEHUDOL]HG HFRQRPLF HQYLURQPHQW(XURSH
DQGRWKHU FRXQWULHVKDYHSXW LQSODFH WKHZRUNDWKDQGDQDO\]HV
WKHVLJQDOVVHWE\WKHHQHUJ\PDUNHWVWRLQYHVWRUVDQGSRZHUSODQW
RSHUDWRUV UHJDUGLQJ IOH[LEOH SRZHU SODQW RSHUDWLRQ DQG WKH IXWXUH
UHTXLUHPHQW RI SRZHU SODQW IOH[LELOLVDWLRQZLWK LPSURYHPHQW VXJ
JHVWLRQV

7KLV ZRUN FRQWULEXWHV WR WKH ILHOG RI HQHUJ\ V\VWHP DQDO\VLV DQG
RSHUDWLRQV UHVHDUFK)LUVW DPHWKRGRORJLFDO IUDPHZRUN IRUTXDQWL
WDWLYH ORQJWHUP KLJKUHVROXWLRQ WHFKQRHFRQRPLF DVVHVVPHQWV RI
DQ LQGLYLGXDO SRZHU SODQWʑV RSHUDWLRQDO IOH[LELOLW\ LV SXW LQ SODFH
,QVWHDG RI UHO\LQJ RQ VLQJOH PHWULFV WKLV PHWKRG XVHV WKH SRZHU
SODQWʑVXQLWFRPPLWPHQWDQGHFRQRPLFGLVSDWFKIRUIOH[LELOLW\YDO










IRU WKH RSWLPL]DWLRQ RI FDSDFLW\ UHVHUYDWLRQ LQ WKH IUHTXHQF\ FRQ
WUROPDUNHWDUHGHYHORSHG4XDQWLWDWLYHDQDO\VHVGHPRQVWUDWHWKDW
FRPSUHKHQVLYH IOH[LELOLW\ VWXGLHV VKRXOG LQFOXGH LQWUDGD\ DQG IUH
TXHQF\FRQWUROPDUNHWV7KHGHYHORSHGFRQFHSWVPLJKWDOVREHLP
SOHPHQWHGLQPRGHOVVROYLQJRWKHUW\SHVRIXQLWFRPPLWPHQWSURE
OHPV WKDQ WKH VLQJOH XQLW VHOIVFKHGXOLQJ SUREOHP 7KH SURSRVHG
IRUPXODWLRQV DUH VXLWHG IRU WKH VWDWHRIWKHDUWPL[HG LQWHJHUSUR
JUDPPLQJDSSURDFK7KHZRUNDWKDQGKRZHYHULQWURGXFHVDQDO
WHUQDWLYHDSSURDFK$FNQRZOHGJLQJWKDWWKHSRZHUSODQWRSHUDWLRQ
LV D FRQWUROOHG SURFHVV ZLWK D ILQLWH QXPEHU RI VWDWHV DQG WUDQVL
WLRQV WKHFRQFHSWRIHYHQWV LVXVHGWRRYHUFRPHXQLIRUPWLPHGLV





7KHZRUNʑVSUDFWLFDO UHOHYDQFH LV LOOXVWUDWHG LQ WKH UHWURDFWLYHRE
VHUYDWLRQRIKRZWKHPHUFKDQWSRZHUSODQWVUHDFWWRWKHPDUNHWVLQ
WKHLU RSHUDWLRQ VWUDWHJLHV 7KH FDVH VWXGLHV VKRZ WKDW WKH GD\
DKHDGPDUNHWV LQFHQW D FRQYHQWLRQDO SRZHUSODQWʑV IOH[LEOH RSHUD
WLRQ DW LQFUHDVHG VKDUHV RI UHQHZDEOHV EXW FXUUHQWO\ GR QRW FRP
SHQVDWHIRUWKHSURILWGLIIHUHQFHUHVXOWLQJIURPWKLVV\VWHPIULHQGO\
GLVSDWFK 7KH DQDO\]HG IUHTXHQF\ FRQWURO DQG LQWUDGD\ PDUNHWV
KHOSLQLPSURYLQJWKHGD\DKHDGSURILWDQGPRQHWDU\YDOXHRISRZ
HU SODQW IOH[LELOL]DWLRQ 7KH GHVLJQ RI WKH IUHTXHQF\ FRQWURO
FDSDFLW\UHVHUYDWLRQPDUNHWLVVKRZQWREHQHILWPRUHSRZHUSODQWV
UHQHZDEOHVDVZHOODVFRQYHQWLRQDORQHVZKHQWKHFDSDFLW\UHVHU
YDWLRQ GXUDWLRQ LV VKRUW 7KH YDOXH RI RSHUDWLRQDO IOH[LELOLW\ LP
SURYHPHQWV LV TXDQWLILHG XVLQJ YDULRXVPHWULFV IRU GLIIHUHQW WHFK
QRORJLHVDQGPDUNHWHQYLURQPHQWV7KHVHFDVHVWXGLHVLQGLFDWHWKDW







8P GHQ 3ODQHWHQ OHEHQVZHUW ]X KDOWHQ KDEHQ VLFK ZHOWZHLW KXQ
GHUWIµQIXQGVLHE]LJ 1DWLRQHQ XQG LQVEHVRQGHUH GLH (XURSLVFKH
8QLRQ GD]X YHUSIOLFKWHW GLH 7UHLEKDXVJDVHPLVVLRQHQ GUDVWLVFK ]X
UHGX]LHUHQ'LH YRUOLHJHQGH$UEHLW XQWHUVXFKW GHQ%HLWUDJ WKHUPL
VFKHU .UDIWZHUNH ]XP $XIEDX HLQHU GHNDUERQLVLHUWHQ 6WURPHU]HX
JXQJ 9RU GHP +LQWHUJUXQG GHU /LEHUDOLVLHUXQJ GHU (QHUJLHZLUW
VFKDIW LQ (XURSD XQG DQGHUHQ /QGHUQ ZHUGHQ GLH EHVWHKHQGHQ
$QUHL]HGHU(QHUJLHPUNWH IµU ,QYHVWRUHQXQG.UDIWZHUNVEHWUHLEHU
]XP IOH[LEOHQ %HWULHE GHU .UDIWZHUNH VRZLH HUJQ]HQGH 0DQDK











O¯VWH 3UREOHP GHV (LQVDW]HV HLQHV .UDIWZHUNV XPIDVVW GLH ,QWUD
GD\ XQG 5HJHOOHLVWXQJVPUNWH VRZLH HLQ SDUDPHWULVFKHV .UDIW
ZHUNVPRGHOOGDVIµUEHWULHEOLFKH)OH[LELOLWWVDQDO\VHQJHHLJQHWLVW
'DV 0RGHOO EHUµFNVLFKWLJW XQWHU DQGHUHP GHQ UHGX]LHUWHQ .UDIW
ZHUNVZLUNXQJVJUDG EHL 7HLOODVW 'DUµEHU KLQDXV VLQG ZHVHQWOLFKH
$VSHNWH ZLH GLH 9HUQGHUXQJ GHU $QIDKUNRVWHQ LQ $EKQJLJNHLW
YRQ GHQ MHZHLOLJHQ 0DUNWSUHLVHQ HQWKDOWHQ 9HUIHLQHUWH 9HUIDKUHQ
]XU%HUHFKQXQJ GHU2SSRUWXQLWWVNRVWHQ HLQVFKOLHOLFK HLQHU9HU
VFKOHFKWHUXQJ GHV 7HLOODVW:LUNXQJVJUDGV IµU GLH2SWLPLHUXQJ GHU
.DSD]LWWVYRUKDOWXQJ DXI GHP5HJHOOHLVWXQJVPDUNWZHUGHQ YRUJH
VWHOOW 4XDQWLWDWLYH $QDO\VHQ ]HLJHQ GDVV %HUHFKQXQJHQ RKQH
,QWUDGD\ XQG 5HJHOOHLVWXQJVPUNWH JHJHEHQHQIDOOV GHQ :HUW GHU
EHWULHEOLFKHQ )OH[LELOLWW XQWHUVFKW]HQZµUGHQ'LH LQ GHU YRUOLH




DXVJHKHQGHU $QVDW] ZXUGH YRUJHVFKODJHQ 'D GHU .UDIWZHUNVEH
WULHEHLQNRQWUROOLHUWHU3UR]HVVPLWHLQHUHQGOLFKHQ$Q]DKOYRQ=X
VWQGHQXQGEHUJQJHQLVWZLUGHLQHUHLJQLVEDVLHUWHU$QVDW]YHU
ZHQGHW XP GLH 1RWZHQGLJNHLW HLQHU HLQKHLWOLFKHQ =HLWGLVNUHWLVLH
 xii 
UXQJ]XµEHUZLQGHQ'HUKLHUJHZKOWH$QVDW]HUIRUGHUWJHJHQµEHU
GHP ]HLWGLVNUHWHQ $QVDW] ZHQLJHU 5HFKHQ]HLW EHL GHU 6LPXODWLRQ
ODQJHU=HLWUXPH

'LH SUDNWLVFKH 5HOHYDQ] GHU YRUOLHJHQGHQ $UEHLW OLHJW LQ GHU DXI
KLVWRULVFKHQ 'DWHQVW]HQ EDVLHUWHQ 6LPXODWLRQ ZLH .UDIWZHUNH LQ
LKUHQ%HWULHEVVWUDWHJLHQ DXI GLH0UNWH UHDJLHUHQ )DOOVWXGLHQ ]HL
JHQ GDVV GLH 'D\$KHDG0UNWH GHQ IOH[LEOHQ %HWULHE HLQHV NRQ
YHQWLRQHOOHQ .UDIWZHUNV EHL HUK¯KWHQ $QWHLOHQ HUQHXHUEDUHU (QHU
JLHQ I¯UGHUQDEHUGHU]HLWGLH*HZLQQGLIIHUHQ]GLHVLFKDXVGLHVHP
V\VWHPIUHXQGOLFKHQ%HWULHE HUJLEW QLFKW NRPSHQVLHUHQ'LH DQDO\
VLHUWHQ 5HJHOOHLVWXQJ XQG ,QWUDGD\0UNWH WUDJHQ GD]X EHL GHQ








RQHOOHU .UDIWZHUNH ZDKUVFKHLQOLFK NHLQH VLJQLILNDQWH )OH[LELOLVLH










































































































































































7R NHHS RXU SODQHW OLYDEOH KXQGUHG DQG VHYHQW\ILYH QDWLRQV
ZRUOGZLGHLQFOXGLQJ(XURSHKDYHFRPPLWWHGWROLPLWLQJWKHJOREDO
WHPSHUDWXUH LQFUHDVH E\ GUDVWLFDOO\ UHGXFLQJ DQWKURSRJHQRXV
JUHHQKRXVH JDV HPLVVLRQV 7KH FXUUHQW UHVRXUFH ZH DUH UHO\LQJ RQ
JOREDOO\ WR SURGXFH HOHFWULFLW\ DQG KHDW LV WKH PRVW FDUERQ
LQWHQVLYH RQH FRDO ,Q  FRDO DFFRXQWHG IRU  RI WKH
ZRUOGʑV HOHFWULFLW\ SURGXFWLRQ DQG IRU  RI WKH ZRUOGʑV &2HPLVVLRQV IURP IXHO FRPEXVWLRQ>@ (OHFWULFLW\ DQG KHDW DFFRXQWHG
IRU  RI WKH JOREDO &2 HPLVVLRQV LQ  >@ 7KH HQHUJ\ VHFWRUʑV ORJLFDO FRQWULEXWLRQ WR FOLPDWH SURWHFWLRQ WDUJHWV LV WKXV WR
UHGXFH DQG XOWLPDWHO\ HOLPLQDWH WKH XVH RI JUHHQKRXVH JDV HPLW






UHO\LQJ RQ YDULDEOH UHQHZDEOH HQHUJ\ VRXUFHV LV WKH LQWHUPLWWHQF\
WKH\LQWURGXFHLQWKHV\VWHPDQGWKXVWKHLQFUHDVLQJQHHGIRURS
HUDWLRQDO IOH[LELOLW\ *LYHQ WKH OLEHUDOL]HG HFRQRPLF HQYLURQPHQW
(XURSH DQG RWKHU FRXQWULHV KDYH SXW LQ SODFH WKH ZRUN DW KDQG
DQDO\]HV WKH VLJQDOV VHW E\ WKH HQHUJ\ PDUNHWV WR LQYHVWRUV DQG
SRZHUSODQWRSHUDWRUVUHJDUGLQJIOH[LEOHSRZHUSODQWRSHUDWLRQDQG
WKH IXWXUH QHHG IRU SODQW UHWURILWWLQJ 7KH DXWKRU DLPV WR SXW LQ






WLRQ WKH GHYHORSPHQW RI WKH PHWKRGV DQG FRQFHSWV DQG ILQDOO\
 
WKHLUDSSOLFDWLRQ(DFKSDUW LVGLYLGHG LQWR VHFWLRQV DW WKHEHJLQ
QLQJRIZKLFKWKHVXEVHFWLRQVDUHGHWDLOHG3DUW$VHFWLRQ LQWUR
GXFHVWKHUHVHDUFKEDFNJURXQGDQGSUREOHP3DUW$VHFWLRQFRP





7ZR\HDUV DIWHU LWV FUHDWLRQ LQ WKH ,QWHUJRYHUQPHQWDO3DQHO




81)&&&ZDV DGRSWHGDQG FDPH LQWR IRUFH LQ 6LQFH WKHQ
WKH 8QLWHG 1DWLRQV )UDPHZRUN &RQYHQWLRQ RQ &OLPDWH &KDQJH
81)&&& KDV EHHQ WKH SULPDU\ LQWHUQDWLRQDO IRUXP IRU UHVROX
WLRQV DJDLQVW FOLPDWH FKDQJH ,Q  LWZDV HVWDEOLVKHG WKDW WKH
FRPPLWPHQWV WDNHQ LQ5LRZHUH QRW DPELWLRXV HQRXJK OHDGLQJ WR
WKH .\RWR SURWRFRO DGRSWLRQ WZR \HDUV ODWHU ,Q  WKH .\RWR
SURWRFROFDPHLQWRIRUFHDQGRQHRI LWVSLOODUVWKH(XURSHDQWUDG
LQJ V\VWHP QRZ UHJXODWLQJ KDOI RI WKH ZRUOGZLGH &2 HPLVVLRQVZDVSXWLQSODFH7KHVHFRQGSLOODUWKHFOHDQGHYHORSPHQWPHFKD
QLVPZDVSXWLQSODFHLQ7KLVPHFKDQLVPRIIVHWVHPLVVLRQVLQ
LQGXVWULDOL]HG FRXQWULHV ZLWK VXVWDLQDEOH SURMHFWV LQ GHYHORSLQJ
FRXQWULHV 7KH VHFRQG FRPPLWPHQW SHULRG WR WKH .\RWR SURWRFRO
ZDV DJUHHG XSRQ LQ'RKD LQ  &OLPDWH FKDQJH DQG LWV FRQVH
TXHQFHV KDYH EHHQ HYLGHQFHG DJDLQ DQG GHWDLOHG LQ WKH ,3&&ʑV
)LIWK $VVHVVPHQW 5HSRUW ZKLFK DGGUHVVHG WKH QHHG IRU DFWLRQ
DJDLQVWFOLPDWHFKDQJH,QDXQLYHUVDODJUHHPHQWIRUWKHSHUL
RGEH\RQG WKH3DULV$JUHHPHQWZDV VLJQHGE\QDWLRQV
(DFKQDWLRQ VXEPLWWHG LWV FRQWULEXWLRQ WR WKHJRDORIPDLQWDLQLQJ
WKHWHPSHUDWXUHLQFUHDVHZHOOEHORZp&FRPSDUHGWRSUHLQGXVWULDO
WLPHV7KHVHFRPPLWPHQWVFDQEHYLVXDOL]HGXVLQJWKH3DULV5HDOL
W\&KHFN GHYHORSHG LQ WKH 35,0$3 JURXS DW WKH 3RWVGDP ,QVWL
WXWH IRU &OLPDWH ,PSDFW 5HVHDUFK >@ 7KH (XURSHDQ 8QLRQ DQG




$V JUHHQKRXVH JDV HPLVVLRQVPDLQO\ VWHP IURP WKH FRPEXVWLRQ RI
IRVVLO IXHOV WKH HQHUJ\ VHFWRUV IRU HOHFWULFLW\ DQG KHDW SURGXFWLRQ
WUDQVSRUWDWLRQ DQG LQGXVWU\ DUH FUXFLDO WR UHDFKLQJ WKH ELQGLQJ
WDUJHWVRIWKH3DULV$JUHHPHQW >@7KH(XURSHDQ8QLRQDGGUHVVHV
 
WKLV SUREOHPE\ LQFUHDVLQJO\ UHO\LQJ RQ HPLVVLRQIUHH UHVRXUFHV IRU
HOHFWULFLW\SURGXFWLRQDQGLPSURYLQJHQHUJ\HIILFLHQF\7KHIRFXVRI
WKH SUHVHQWZRUN LV RQ WKH HOHFWULFLW\ DQG KHDW SURGXFWLRQ VHFWRU
ZKLFKKDVVHHQDVLJQLILFDQW LQFUHDVH LQUHQHZDEOHVVKDUHUHDFKLQJ
RIWKH(XURSHDQHQHUJ\FRQVXPSWLRQDQGRIWKH(XUR














LV UHTXLUHG E\  > @ RU EHIRUH >@ WR PHHW WKH 3DULV






(QHUJ\$JHQF\ʑVZRUOG HQHUJ\RXWORRN LQ WKHSRZHUJHQHUD
WLRQZRXOG UHO\  RQ RLO  RQ JDV DQG  RQ FRDO 7KH
HQHUJ\ V\VWHPVGXULQJ WKH WUDQVLWLRQ WRZDUG D IXOO\ GHFDUERQL]HG




LQWHJUDWHG LQWR D V\VWHP GHVLJQHG IRU GLVSDWFKDEOH SRZHU JHQHUD
WLRQWHFKQRORJLHV7KHSULPDU\SK\VLFDOFKDOOHQJHZLOOEHWKH LQWH
JUDWLRQ RI YDULDELOLW\ ZLWKLQ WKH JULG WR IXUWKHU HQVXUH DGHTXDF\
EHWZHHQGHPDQGDQGVXSSO\DWDQ\WLPH'XULQJWKHHQHUJ\WUDQVL
WLRQGLVSDWFKDEOHHOHFWULFLW\JHQHUDWLRQDQGVLQNVZLOOEHUHOLHGRQ
WR LQWHJUDWH UHQHZDEOHV 7KH SULPDU\ UHTXLUHPHQW IRUPXODWHG LQ
WKHOLWHUDWXUHLVWKHUHIRUHIOH[LELOLW\$QRYHUYLHZRIIOH[LELOLW\GHIL





$UHYLHZRI IOH[LELOLW\GHILQLWLRQVWKDWFDQEH IRXQGLQWKH ILHOGRI
SRZHUV\VWHPDQDO\VLVLVSURYLGHGLQ7DEOH,WVKRZVWKDWIOH[LELO
LW\ TXDOLILHV WKH UHVSRQVH RI WKH V\VWHP RU LWV XQLWV WR D YDULDEOH
VLJQDO 7KLV TXDOLILFDWLRQ XVHV WKH SDUDPHWHUV WLPH VSHHG FRVWV
V\VWHP VWDWH XQFHUWDLQW\ UHOLDELOLW\ DQG HYHQ ORFDWLRQ LQ >@
)URPDWUDQVPLVVLRQQHWZRUNSHUVSHFWLYHIOH[LELOLW\LVWKHFDSDFLW\
WR DGDSW WR DQHZ HQYLURQPHQW DWPLQLPXPFRVW DQG WLPH VHH
HJ>@>@>@>@)OH[LELOLW\LVRIWHQPHDVXUHGDVWKHUDPS
LQJ FDSDELOLW\ RI VRPHXQLWV RU WKH V\VWHPDV DZKROH >@ >@
7KHDXWKRUVRI>@GHILQHWKHFRQFHSWVRIIOH[LELOLW\DQGDGDSWDELO
LW\WRFKDUDFWHUL]HFKDQJH LQGHSHQGHQWO\RIWKHQDWXUHRIWKHV\V
WHP WR ZKLFK FKDQJH DSSOLHV 7KH DXWKRUV XVH IOH[LELOLW\ WR
FKDUDFWHUL]HDFKDQJHLQLWLDWHGE\DQDJHQWH[WHUQDOWRWKHV\VWHP
ZKHUHDV DGDSWDELOLW\ LV XVHG WR FKDUDFWHUL]H D FKDQJH LQLWLDWHGE\
DQ DJHQW LQWHUQDO WR WKH V\VWHP >@ 7KH FRPSDULVRQ RI WZR V\V
WHPVʑIOH[LELOLW\LVWKXVEDVHGRQWKHQXPEHURIZD\VDV\VWHPFDQ
FKDQJHIURPRQHVWDWHWRDQRWKHUZLWKLQDQDFFHSWDEOHFRVWWKUHVK
ROG7RGHWHUPLQHZKHWKHU D V\VWHP LV IOH[LEOH RU QRW LV WRGHWHU




UHYLHZ RI SRVVLEOH IOH[LELOLW\ SURYLGHUV DQGPHDQV >@ >@ >@
>@ >@ >@ )OH[LELOLW\ SURYLGHUV DUH QRW RQO\ DYDLODEOH LQ WKH
HOHFWULFLW\ VHFWRU EXW DOVR LQ WKH KHDW DQG PRELOLW\ VHFWRUV 'HQ
PDUNDVDQH[DPSOH VKRZVWKDWFRXSOLQJWKHHOHFWULFLW\DQGKHDW
VHFWRUV YLD HJ FRPELQHG KHDW DQG SRZHU SODQWV RIIHUV DZD\ WR
LQWHJUDWH VLJQLILFDQW DPRXQWV RI LQWHUPLWWHQW UHQHZDEOHV 7KLV
LQWHJUDWLRQUHTXLUHVSRZHUSODQWVZLWK IOH[LEOHHOHFWULFLW\DQGKHDW
SURGXFWLRQ PHDQV H[WUDFWLRQ SODQWV VKRXOG EH SUHIHUUHG WR EDFN
SUHVVXUH SODQWV VHH HJ >@ +HDW DQG SRZHU FDQ IXUWKHU EH
GHFRXSOHG ZLWK KHDW VWRUDJH WHFKQRORJLHV RQ VLWH ,Q PRVW RI WKH
FXUUHQW HQHUJ\ V\VWHPV WKH H[LVWLQJ IOHHW UHOLHV RQ WKHUPDO SRZHU
SODQWV 7KHVH SODQWV DUH FRQWUROODEOH DQG UHOLDEOH EXW PLJKW ODFN
RSHUDWLRQDO IOH[LELOLW\ 7KH G\QDPLFDOO\ UHVSRQGLQJ FRQYHQWLRQDO
SRZHUSODQW IOHHWFDQEHVHHQDVWKHPDLQ IOH[LELOLW\SURYLGHUGXU
LQJWKHHQHUJ\WUDQVLWLRQEXWQRW LQWKHWDUJHWHGV\VWHPDVWKHVH







5HJDUGLQJ GHPDQG WKH ,QWHUQDWLRQDO(QHUJ\$JHQF\ GLVWLQJXLVKHV
EHWZHHQ PDQDJHG DQG UHVSRQVLYH UHVRXUFHV LQ >@ 7KH PDQDJHG
UHVSRQVHLVFRQWUDFWHGLQDGYDQFHZKHUHDVWKHUHVSRQVLYHUHVRXUFHV
UHDFWG\QDPLFDOO\ WR WKH V\VWHPQHHGV%HWZHHQGHPDQGDQGVXS
SO\ VWRUDJHRIIHUVDZD\ WRGLVSODFHSURGXFWLRQDQGFRQVXPSWLRQ




EHIRUH EHLQJ WUDQVIRUPHG DJDLQ LQWR SRZHU 6WDWLRQDU\ VWRUDJH FD
SDFLWLHV DQG WLPHYDULDQW VWRUDJH FDSDFLWLHV DUH GLIIHUHQWLDWHG LQ
>@+\GUR VWRUDJH&RPSUHVVHG$LU(QHUJ\ 6WRUDJH &$(6 IO\
ZKHHOV\VWHPVUHGR[IORZFHOOVDGYDQFHGFDSDFLWRUVVXSHUFRQGXFW




IOH[LELOLW\ UHVRXUFHV DUH RI QR XVHZLWKRXW JULG VXSSRUW 6LPLODUO\
























































































7KH SULPDU\ FRPSRQHQWV RI WKH HQHUJ\ V\VWHP DUH JHQHUDWLRQ
WUDQVPLVVLRQ GLVWULEXWLRQ DQG UHWDLO VXSSO\ DQG DUH KLVWRULFDOO\
RUJDQL]HG DV YHUWLFDOPRQRSROLHV >@ 3DUDOOHO WR WKH HIIRUWV IRU D
VXVWDLQDEOH IXWXUH VRPH HQHUJ\ V\VWHPV ZRUOGZLGH KDYH JRQH
WKURXJK OLEHUDOL]DWLRQ WR LQFUHDVH FRPSHWLWLRQ IRUZHOIDUHPD[LPL
]DWLRQ:KROHVDOHDQGUHWDLOPDUNHWVKDYHEHHQLQWURGXFHGWRVKLIW
ULVN DQG FRVWV IURP FRQVXPHUV WR VXSSOLHUV >@ 7KH ZKROHVDOH
PDUNHWVKRXOGLQFHQWJHQHUDWRUVWRLQYHVWLQWKHULJKWWHFKQRORJLHV
DQG V\VWHPRSHUDWLRQ LQRUGHU WRSURYLGHDGHTXDWH VHUYLFH >@$
UHYLHZ RI WKH OLEHUDOL]DWLRQ SURFHVV DQG WKH GLIIHUHQW GHJUHHV RI
DFKLHYHPHQWLVSURYLGHGLQ>@,QIDFWWKHUHDUHVWLOOPDQ\GLVSDU
LWLHV LQ WKH LPSOHPHQWDWLRQ RI WKH HOHFWULFLW\PDUNHWV$ JRRG H[
DPSOH LV WKH LQFOXVLRQ RU H[FOXVLRQ RI FDSDFLW\ PDUNHWV RU SULFH
IRUPDWLRQ LQFOXGLQJ VWDUWXS FRVWV 0RUHRYHU DV UHQHZDEOHV DUH
VXEVLGL]HG IRU WKHLUSUHIHUUHG IHHGLQ WKHVH RQO\SDUWLDOO\ FRPSHWH
ZLWKRWKHUJHQHUDWLRQ WHFKQRORJLHV ,Q(XURSHKRZHYHU WKHUH LVD
PRYHIURPIHHGLQUDWHVWRZDUGSURMHFWWHQGHULQJ>@7KLVVHFWLRQ
SURYLGHV DQ RYHUYLHZ RI WKH IXQFWLRQLQJ RI WKH (XURSHDQ SK\VLFDO
HOHFWULFLW\PDUNHWVVFKHPDWLFDOO\LOOXVWUDWHGLQ)LJXUH6LQFHWKH
1RUWK$PHULFDQHOHFWULFLW\PDUNHWXVHVGLIIHUHQWDSSURDFKHVLWZLOO
DOVR EH H[SOLFDWHG IRU FRPSDULVRQ 7KH WHUPV VFKHGXOLQJ DQG GLV
SDWFKDUHXVHGLQWKHIROORZLQJ6FKHGXOLQJUHIHUVWRWKHGHFLVLRQWR








WUDQVPLVVLRQ V\VWHPRSHUDWLRQ DUHSHUIRUPHG DW WKH VDPH WLPHE\
WKHVDPHHQWLW\FHQWUDOO\ZKHUHDVLQGHFHQWUDOL]HGPDUNHWVERWK
GXWLHVDUHVHSDUDWH>@7KHPDUNHWRSHUDWRURUJDQL]HVHQHUJ\DQG
FURVVERUGHU FDSDFLW\ WUDGLQJ ZKHUHDV WKH V\VWHP RSHUDWRU LV UH
VSRQVLEOHIRUWKHVHFXUHRSHUDWLRQRIWKHQHWZRUN7KHPDUNHWSDU
WLFLSDQWV VFKHGXOH DQG GLVSDWFK WKHPVHOYHV DQG GHFODUH WKHLU GLV
SDWFK WR WKH V\VWHP RSHUDWRU ,Q FDVH RI V\VWHP LPEDODQFHV WKH
ODWWHU KDV WKH UHVSRQVLELOLW\ WR VHQG GLVSDWFK LQVWUXFWLRQV 7KH





KDYH EHHQ GHILQHG7KH GHFHQWUDOL]HG GHVLJQ FDQ EH VXSSOHPHQWHG
E\DQRUJDQL]HGPDUNHWIRUDQFLOODU\VHUYLFHVZKHUHWKHV\VWHPRS
HUDWRU FRQWUDFWV VHUYLFHV IURP JHQHUDWRUV ,Q (XURSH PRVW RI WKH
HQHUJ\ V\VWHPV DUH GHFHQWUDOL]HG DQG FHQWUDO GLVSDWFK LV LQ SODFH
LQIHZFRXQWULHV OLNH*UHHFH,UHODQG,WDO\DQG3RODQGVHH>@$










IRU IUHTXHQF\ FRQWURO SURYLVLRQ)RUZDUGPDUNHWV DUH LQWHQGHG IRU
ORQJWHUPKHGJLQJZKHUHDVGD\DKHDGDQGLQWUDGD\PDUNHWVDUHLQ
SODFHWR IRUPWKHVKRUWWHUPHOHFWULFLW\ZKROHVDOHSULFH7ZRSULFH
IRUPDWLRQ PHFKDQLVPV DUH SRVVLEOH >@ SD\DVELG ZKLFK PHDQV
WKDW DOO FOHDUHG SDUWLHV DUH SDLG WKHLU ELG SULFH RU VLQJOH SULFLQJ
ZKLFK PHDQV WKDW DOO DFWRUV JHW WKH VDPH SULFH :LWK HQRXJK
PDUNHW OLTXLGLW\ DQG VXSSO\ DQG GHPDQG HODVWLFLW\ WKH SULFH
IRUPHGE\ WKH LQWHUVHFWLRQRIGHPDQGDQG VXSSO\ VKRXOGEHDW LWV
FRPSHWLWLYHOHYHO>@7KHGD\DKHDGPDUNHWWLPHGLVFUHWL]DWLRQLV
RIWHQKRXUO\DQGRUJDQL]HVWKHWUDGLQJIRUWKHQH[WGD\HLWKHUEL




WLQJ VWRSV DQG WKHPDUNHW LV WKHQFOHDUHG7KH FRQWLQXRXVGHVLJQ
LVFOHDUHGZKHQHYHUDVHOORUGHUPDWFKHVDELGRUGHU7KHGHVLJQRI
WKHPDUNHWVLVRIWHQGLVWLQJXLVKHGEHWZHHQWKHIRUPDWVRIWKHRIIHUV
WKDW FDQ EH SODFHG E\ WKH DFWRUV UHIHUUHG WR DV VLPSOH EORFN RU
FRPSOH[RUGHUV >@7KHWZR ILUVW IRUPDWVDUH LQSODFH LQPRVWRI
WKH (XURSHDQ FRXQWULHV ZKLOH FRPSOH[ RIIHUV DUH LQ SODFH LQ WKH
8QLWHG6WDWHVDQGWKH ,EHULDQPDUNHW >@7KH ODWWHUDOORZVHJ
VWDUWXSFRVWV WREHDFFRXQWHG IRU LQ WKHRIIHU%ORFNRUGHUVDOORZ
FRQGLWLRQDO VXEPLVVLRQV ZLWK H[FOXVLRQ RU OLQNLQJ RI DGMDFHQW
KRXUV ,Q (XURSH WKH RQO\ DQFLOODU\ VHUYLFH RUJDQL]HG ZLWKLQ D
PDUNHW LV IRU JULG IUHTXHQF\ FRQWURO 7KLV PDUNHW LV GLYLGHG LQWR
WKHUHVHUYDWLRQRIFDSDFLW\DQGWKHFRQVHTXHQWHYHQWXDOGHOLYHU\RI
WKHEDODQFLQJHQHUJ\YLDWKHJHQHUDWRUʑV ORDG LQFUHDVHRUGHFUHDVH
,Q(XURSH WKH UHVHUYHV DQG HQHUJ\ DUH FOHDUHG VHTXHQWLDOO\ZKLOH
WKHVHDUHFRRSWLPL]HGLQWKH8QLWHG6WDWHV
 
$IWHU WKH HOHFWULFLW\PDUNHWVʑ OLEHUDOL]DWLRQ LQ DGGLWLRQ WR HQHUJ\
V\VWHP GHFDUERQL]DWLRQ (XURSH LV ZRUNLQJ DW EHFRPLQJ DQ LQWH
JUDWHGHOHFWULFLW\PDUNHWWRPD[LPL]HWKHUHJLRQʑVZHOIDUHVHHWKH
(XURSHDQ8QLRQʑVWKLUGHQHUJ\SDFNDJH'LUHFWLYH(&IRU
WKH LQWHUQDO HOHFWULFLW\ PDUNHW 7KH (XURSHDQ 1HWZRUN RI
7UDQVPLVVLRQ6\VWHP2SHUDWRUVIRUHOHFWULFLW\HQWVRHLVKHOSLQJWR
RUJDQL]HWKHWUDQVLWLRQWRZDUGWKHLQWHUQDOHQHUJ\PDUNHWZLWKWKH
SULPDU\ UROH RI FURVVERUGHU WUDQVPLVVLRQ DOORFDWLRQ RSWLPL]DWLRQ



































VLWLRQ LV D VXVWDLQDEOH DQG FRPSHWLWLYH V\VWHP HQVXULQJ WKH
VHFXULW\ RI VXSSO\ 1RW RQO\ WKH YDULDWLRQV RI SRZHU EXW DOVR WKH
VSHHGRI WKHVHYDULDWLRQVQHHG WREHNQRZQ WR HQVXUH WKH VHFXULW\
RI VXSSO\ DQG UHGXFH UHQHZDEOHVʑ LQWHJUDWLRQ FRVWV7KH YRODWLOLW\
RI UHQHZDEOHVEDVHG VXSSO\PDNHV DFFXUDWH IRUHFDVWLQJPRUH GLIIL
FXOW )RUHFDVW HUURUV OHDG WR HYHQ PRUH LQWHUPLWWHQW RSHUDWLRQ RI
WKHGLVSDWFKDEOH IOHHWZKLFKKDGQRWEHHQGHVLJQHG IRU WKLVPRGH
RI RSHUDWLRQ7KH UROH RI FRQYHQWLRQDO SRZHU SODQWV LQ WKH HQHUJ\
WUDQVLWLRQ LQ OLJKWRIWKHIDFWVH[SRVHGLQWKHSUHYLRXVVHFWLRQV LV
WREHDIOH[LEOHSURYLGHUWRWKHGHPDQGWKDWFDQQRWEHPHWE\UH
QHZDEOHVUHIHUUHGWRDVWKHUHVLGXDOORDG2WKHUIOH[LELOLW\RSWLRQV
WR GLVSDWFKDEOH EDFNXS FDSDFLW\ VXFK DV HOHFWULFLW\ VWRUDJH DQG
GHPDQG VLGH PDQDJHPHQW PLJKW UHOLHYH WKH FRQYHQWLRQDO SRZHU
SODQWVIURPWKLVWDVNDVWKHVHUHDFKWKHHQGRIWKHLUOLIHWLPH,QWKH
FXUUHQW (XURSHDQ FRQWH[W WKHUHZLOO EH IHZ RU QR LQYHVWPHQWV LQ
QHZWKHUPDOSRZHUSODQWVEXWUHWURILWVIRUFRPSOLDQFHWRUHJXODWR
U\ FRQVWUDLQWV RU WR VHOO DQGPDNHPRQH\ZLWK IOH[LELOLW\PLJKW
FRPHLQWRTXHVWLRQ,QWKHILHOGRISRZHUSODQWWHFKQRORJ\UHWURILWV
DUH SRZHU SODQW FRPSRQHQW RU VXEV\VWHP LPSURYHPHQWV >@ DQG
PLJKWEHKDUGZDUHDVZHOO DV VRIWZDUH ,Q WKLV UHJDUG LW LVZRUWK




YLGHUV LQ D OLEHUDOL]HG FRQWH[W UDLVHV WKH TXHVWLRQ ZKHWKHU WKHVH
SODQWV DUH WHFKQLFDOO\ DEOH WR SURYLGH WKH UHTXLUHG IOH[LELOLW\ EXW
HYHQPRUH LIWKHPDUNHWHQYLURQPHQW LQFHQWVWKHUHTXLUHGIOH[LEOH
GLVSDWFK/RRSIORZVEHWZHHQ*HUPDQ\DQG LWVQHLJKERUVKDYH OHG
WR WKH LQVWDOODWLRQ RI SKDVH VKLIWHUV DQG ILQDOO\ WR WKH VSOLWWLQJ RI
WKH*HUPDQDQG$XVWULDQFRPPRQSULFH]RQH7KLVH[DPSOHVKRZV
WKDWQRWRQO\ WHFKQRORJLHVEXWDOVR WKHGHVLJQRI WKHPDUNHWVDQG
WKH ZD\ RSHUDWLRQ LV SODQQHG HVSHFLDOO\ LQ D OLEHUDOL]HG HQYLURQ
PHQWDUHHQDEOHUVIRUWKHUHQHZDEOHVLQWHJUDWLRQ7KHFKDOOHQJHVLQ
WKLVUHJDUGPLJKWEHGLVWLQJXLVKHGEHWZHHQSODQQLQJDQGRSHUDWLRQ
$FFRUGLQJ WR HJ >@ DQG >@ D FRQFHUQ UDLVHG E\ WKH FXUUHQW
PDUNHWGHVLJQVLVZKHWKHUWKHVHVHWWKHULJKWLQYHVWPHQWLQFHQWLYHV
(YHQ LIWKHUH LVFXUUHQWO\QRFDSDFLW\VKRUWDJH LQ(XURSH >@WKH
DXWKRUVRI>@VXJJHVWWKDWDPDUNHWVHQGLQJQRLQYHVWPHQWVLJQDO




UHYLHZRI FDSDFLW\PHFKDQLVPV$GGLWLRQDOO\ WR WKLV SODQQLQJSHU
VSHFWLYHPDQ\VWXGLHVDVVHVV WKHQHHG IRU IOH[LELOLW\DW WKHRSHUD












WR TXDQWLI\ WKH YDOXH RI RSHUDWLRQDO IOH[LELOLW\ 7KH QH[W VHFWLRQ















:KHQ DVVHVVLQJ IOH[LELOLW\ WZR PDLQ WDVNV FDQ EH GLVWLQJXLVKHG
TXDQWLI\WKHQHHG IRU IOH[LELOLW\DQGDVVHVV WKHDYDLODEOH IOH[LELOLW\
WR VWDWH DERXW LWV DGHTXDF\ )URP D V\VWHP SHUVSHFWLYH D JOREDO
IOH[LELOLW\ DVVHVVPHQW ZRXOG FRPSDUH D TXDQWLILHG IOH[LELOLW\ QHHG
ZLWKWKHDYDLODEOHIOH[LELOLW\7KH,QWHUQDWLRQDO(QHUJ\$JHQF\GH
ILQHG VXFKDKROLVWLF DSSURDFK LQ LWV)$67WRRO >@ LQZKLFKWKH
HVWLPDWLRQ RI WKH V\VWHPʑV DPRXQW RI IOH[LELOLW\ DOORZV WR VWDWH
DERXW WKH SRWHQWLDO YDULDEOH JHQHUDWLRQ SHQHWUDWLRQ+RZHYHU WKH
DSSURDFK LV EDVHG RQ D VW\OL]HG UHSUHVHQWDWLRQ RI WKH UHVRXUFHV
ZLWKRXWFRQVLGHULQJWKHLUDYDLODELOLW\UDLVLQJWKHQHHGIRUPRUHGH
WDLOHG DVVHVVPHQW IRU ILUP GHFLVLRQ GUDZLQJ 7KH OLWHUDWXUH DERXW
RSHUDWLRQDO IOH[LELOLW\ LVPDLQO\ GLYLGHG LQWR V\VWHP SODQQLQJ DQG
V\VWHP RSHUDWLRQ >@ DQG WKXV WR WKH UHVSHFWLYH WLPH KRUL]RQV





WHP UHOLDELOLW\ DV HJ WKH ORVV RI ORDG H[SHFWDWLRQ /2/( 6HH
>@ IRUPRUH UHOLDELOLW\PHWULFV+HQFHDV VWUHVVHG LQ >@VLPLODU
PHWULFVFRXOGEHGHYHORSHGWRDVVHVVWKH V\VWHP IOH[LELOLW\ ,Q >@
 
LW LV DLPHG DW LGHQWLI\LQJ KRZ ZHOO D V\VWHP FDQ FRSH ZLWK WKH
RYHUDOOYDULDELOLW\RIWKHQHWORDG7KHDXWKRUVGRVRE\GHYHORSLQJ
WKHLQVXIILFLHQWUDPSLQJUHVRXUFHH[SHFWDWLRQPHWULF,55(ZKLFK
LV GHULYHG IURP WUDGLWLRQDO JHQHUDWLRQ DGHTXDF\ PHWULFV VXFK DV
/2/(7KLVPHWULFDVVHVVHVWKHH[SHFWHGQXPEHURIQHWORDGUDPSV
IRU ZKLFK LQVXIILFLHQW UDPSLQJ UHVRXUFHV ZRXOG EH DYDLODEOH 7KLV
DSSURDFK LV DLPHG DW ORQJWHUP V\VWHP SODQQLQJ DQG GRHV QRW
EUHDNGRZQWRWKHDVVHVVPHQWRIDVLQJOHSODQWRUWHFKQRORJ\7KH
,55( KDV EHHQ FRPSOHWHG E\ WKH SHULRGV RI IOH[LELOLW\ GHILFLW
3)'WKHH[SHFWHGXQVHUYHGUDPSLQJ(85DQGZHOOEHLQJPHW
ULFV LQ >@ VHH 7DEOH  DQG LPSOHPHQWHG LQ WKH (OHFWULF 3RZHU
5HVHDUFK,QVWLWXWHʑV,Q)/(;LRQWRRO'XHWRWKHWUHPHQGRXVQHHGV
IRU V\VWHPPRGHOLQJ WKLV WRROʑV LPSOHPHQWDWLRQ GRHV QRW DFFRXQW
IRUWKHV\VWHPGLVSDWFKEXWRQO\RQOLNHO\FRPPLWPHQWVWDWXV6LP
LODUO\ LQ >@ WKH DXWKRUV GHILQH WKH ODFN RI UDPS SUREDELOLW\
/253DYDULDWLRQRIWKHORVVRIORDGSUREDELOLW\/2/3ZKLFK
FDOFXODWLRQ DOVR UHTXLUHV WKHZKROH JHQHUDWLRQ XQLWVʑ GLVSDWFK VWD
WXV WR EH NQRZQ 7KLV PHWULF LV LQWHQGHG WR PHDVXUH WKH ULVN RI
UDPSLQJ VKRUWDJH DWWULEXWHG WR D GLVSDWFK GHFLVLRQ LQ WKH RSHUD
WLRQDO WLPHVFDOH 7KH ZRUN >@ SURYLGHV DQ DVVHVVPHQW RI VHYHUDO
SHUIRUPDQFH LQGLFHV IRU WKH HYDOXDWLRQ RI RSHUDWLQJ UHVHUYH UH
TXLUHPHQWV LQ ORQJWHUP SODQQLQJ UHO\LQJ RQ D VFKHGXOLQJ DOJR
ULWKPEDVHGRQD0DUNRYFKDLQDSSURDFK

,Q >@ WKHDXWKRUVTXDQWLI\ WKH LQFUHDVHGQHHG IRU ORDG IROORZLQJ
DQG UHJXODWLRQ UHVHUYH LQ UHDO WLPH DQG KRXUDKHDGPDUNHWV 7KH
DXWKRUV FDOFXODWH WKH IOH[LELOLW\ UHTXLUHPHQWV IURP DQ RSHUDWLRQDO
SHUVSHFWLYH YLD D GLVSDWFKLQJ WRRO )RU WKH 6WDWLVWLFDO $QDO\VLV RI
WKH 5HJXODWLRQ DQG /RDG )ROORZLQJ 5HTXLUHPHQWV WKUHH GHFLVLRQ
YDULDEOHVKDYHEHHQ LQWURGXFHG7KHVHDUH WKHUHJXODWLRQDQG ORDG
IROORZLQJFDSDFLW\UDPSLQJVSHHGDQGUDPSGXUDWLRQ%DVHGRQWKH
ZRUNRI>@>@IRUPXODWHVDQRSWLPL]DWLRQSUREOHPWRREWDLQWKH





EOHV VKDUH7KH ILUVW UHIHUHQFHGHWHUPLQHV WKHQHW ORDGEDVHGRQD
IXQGDPHQWDOPRGHOZKHUHDVWKHVHFRQGPDNHVXVHRIKLVWRULFDOGD
WD6LPLODUO\ WKHDXWKRUVRI >@SURYLGHVWDWLVWLFDODQDO\VLVRI WKH
ORDG YDULDELOLW\ UHJDUGLQJ UDPSUDWH IUHTXHQF\ DQG GXUDWLRQ IRU
VRPH (XURSHDQ FRXQWULHV DW RSHUDWLRQDO WLPHVFDOH >@ XVHV D
PDFURHFRQRPLF DSSURDFK DOVR EDVHG RQ D IXQGDPHQWDOPRGHO RS
WLPL]LQJWKHFDSDFLW\DQGGLVSDWFKRIIOH[LELOLW\RSWLRQVPLQLPL]LQJ
 
WKHV\VWHPFRVWV IRUDJLYHQ ORDGDQGUHQHZDEOHVVKDUH7KH IOH[L
ELOLW\QHHGLVGHILQHGDVWKHUHVLGXDOORDGWKDWQHHGVWREHSURYLGHG
E\GLVSDWFKDEOHVRXUFHV7KHDSSURDFKLQ>@LVWKHVDPHEXWZLWK






VWHS WR WKH GHWHUPLQDWLRQ RI WKH V\VWHP IOH[LELOLW\ UHVRXUFHV DGH




XDOL]DWLRQ LV OLPLWHG WR WKH SHQHWUDWLRQ RI LQWHUFRQQHFWLRQ FDSDFL
WLHVK\GURFDSDFLW\SXPSVWRUDJHFDSDFLW\DQGFRPELQHGKHDWDQG
SRZHUSODQWVFDSDFLW\FRPSDUHGWRWKHUHTXLUHGSHDNFDSDFLW\7KH
UHIHUHQFH >@ SURYLGHV D UHYLHZ DQG FOXVWHULQJ RIPHWKRGV IRU DV
VHVVLQJ WKH SRWHQWLDO RI IOH[LELOLW\ RSWLRQV ZLWK IRFXV RQ VWRUDJH
FDSDFLW\ UHTXLUHPHQWV 7KH DSSURDFKHV DUH FODVVLILHG LQWR DS
SURDFKHVDVVHVVLQJWKHIOH[LELOLW\UHTXLUHPHQWIURPDWHFKQLFDOHFR




SDELOLW\ RI LQGLYLGXDO SRZHU V\VWHP XQLWV WR GHYLDWH IURP WKHLU
VFKHGXOH7KHPHWULFLVFRPSRVHGRIWKUHHSDUDPHWHUVZKLFKUHSUH
VHQW WKHPD[LPXP IOH[LELOLW\ FDSDELOLW\RI WKHSRZHUSODQWZKLFK




SOLHV WR V\VWHPQRGHV DQG JRHV IXUWKHU E\GHILQLQJ WKH FRQFHSWRI
ORFDWLRQDO IOH[LELOLW\ DQG SURSRVLQJ D WZRVWDJH UREXVW RSWLPL]D
WLRQ IRU WKH SURFXUHPHQW RI FRQWURO UHVHUYHV >@ DOVR GHYHORSV D
TXDQWLWDWLYHPHWKRGIRUVLQJOHFRPSRQHQWDQDO\VLVEXWZLWKDSUL
RUL VSHFLILHG UHOLDELOLW\ FULWHULD OLQNLQJ D JHQHUDWRUPRGHO DQG H[
WHUQDOSRZHUGLVWXUEDQFHV7KHJHQHUDWRUPRGHOLVQRWWKHIRFXVRI










DGGUHVVLQJ WKH DVSHFWV RI WLPH DFWLRQXQFHUWDLQW\ DQG FRVWV WKH
SURSRVHGPHWULFFDQUHSUHVHQWWKHDYDLODEOHXSZDUGDQGGRZQZDUG
UDPSLQJDYDLODEOH WR WKH V\VWHPDVZHOO DVDVFRUH LQGLFDWLQJKRZ
PXFK RI WKH WDUJHW XQFHUWDLQW\ FDQ EH PHW >@ >@ SURSRVHV WR
PHDVXUH IOH[LELOLW\ DV WKHSURSRUWLRQRI V\VWHPRXWFRPHV GHPDQG
DQG SURGXFWLRQ VFHQDULRV IRU ZKLFK DQ RSHUDWLQJ VWUDWHJ\
JXDUDQWHHVDFHUWDLQOHYHORIULVN

>@PHDVXUHV WKH IOH[LELOLW\RID WUDQVPLVVLRQQHWZRUNSODQDV WKH
YDULDQFH RI WKH FRVWLQFXUULQJ IRU D VHW RI GHYLDWLRQV IURP WKH
SODQQHG VLWXDWLRQ >@ GHILQHV IOH[LEOH WUDQVPLVVLRQ SODQV DV WKH
RQHVUHTXLULQJOHVVFRVWEXWDOVRWLPHWRDGDSWWRDQHZXQIRUHVHHQ
HQYLURQPHQW7KH IOH[LELOLW\ LVPHDVXUHGDV WKHDGDSWDWLRQFRVWRI
WKH RSWLPDO H[SDQVLRQ SODQ RI D VFHQDULR WR DQRWKHU VFHQDULR WR
ZKLFK LW LV QRW RSWLPDO ,Q >@ WKH PHWKRGRORJ\ UDWKHU WKDQ
FKRRVLQJWKHPRVWIOH[LEOHSODQDPRQJDVHWRIFDQGLGDWHVROXWLRQV
LVGHVLJQLQJDIOH[LEOHV\VWHPWKDW LV OHVVVHQVLWLYHWRWKHFKRLFHRI
VFHQDULRV E\ PLQLPL]LQJ WKH IXWXUH DGDSWDWLRQ FRVW WR WKH FRQGL
WLRQVRIRWKHULGHQWLILHGVFHQDULRV>@DVVHVVHVWUDQVPLVVLRQH[SDQ
VLRQ SODQV E\ PHDVXULQJ WKH H[SHFWHG XQVHUYHG GHPDQG >@
PHDVXUHVWKHWUDQVPLVVLRQQHWZRUNDGHTXDF\IURPSODQQLQJDVZHOO
DV IURPDQRSHUDWLRQDOSHUVSHFWLYHYLDWZR IOH[LELOLW\ LQGH[HV7KH






RI WKH ORDG IORZ GLVWULEXWLRQ IDFWRUV RI WKH QHWZRUN EUDQFKHV
ZHLJKWHG ZLWK WKH PDUJLQV RI WKH EUDQFKHV DW D JLYHQ WLPH 7KH
PDUJLQVDUHGHULYHGIURPJHQHUDWLRQVFHQDULRV7KHDXWKRUVRI >@
RSWLPL]H WKH FRRUGLQDWLRQ RI IOH[LELOLW\EHWZHHQ7UDQVPLVVLRQ6\V
WHP 2SHUDWRUV ZLWK WKH H[SRUWDEOH IOH[LELOLW\ GHILQHG DV WKH UH
VHUYHWKDWFDQEHH[SRUWHGYLDWLHOLQHV7KHGLVSDWFKLVGHILQHGH[
RJHQRXVO\DQGWKHFRRUGLQDWLRQRIWKHDYDLODEOHIOH[LELOLW\EHWZHHQ





0HWULFVDOUHDG\ LQWURGXFHG LQ WKHSUHYLRXV VHFWLRQDUHXVHG WRDV
VHVVWKHV\VWHPʑVIOH[LELOLW\
 /HYHOL]HGFRVWDSSURDFKHV
7KH OHYHOL]HG FRVW RI HOHFWULFLW\ /&2( D IXUWKHU PHWULF LV D
VWDWHRIWKHDUW DSSURDFK VXSSRUWLQJGHFLVLRQPDNLQJZKHQ FRQVLG
HULQJ LQYHVWPHQWV LQ QHZ SRZHU SODQW SURMHFWV >@ SURYLGHV D
VXLWHG LQWURGXFWLRQ WR /&2( DQG LWV FDYHDWV >@ GHILQHV WKH
/&2(DVʔIRUDJLYHQJHQHUDWLRQSODQWWKHFRQVWDQWLQUHDOWHUPV
SULFHIRUSRZHUWKDWZRXOGHTXDWHWKHQHWSUHVHQWYDOXHRIUHYHQXH
IURP WKH SODQWʑV RXWSXWZLWK WKH QHW SUHVHQW YDOXH RI WKH FRVW RI
SURGXFWLRQʕ 0DWKHPDWLFDOO\ WKH /&2( VXSSRVHV WKH GLVFRXQWLQJ
RI FDVK IORZV DQG FDSLWDO FRVWV:KHQ LW FRPHV WR /&2( FDOFXOD
WLRQVGLIIHUHQWDVVXPSWLRQVRUSDUDPHWHUVDUH LQFOXGHG LQ WKHFDO
FXODWLRQV DV VKRZQ LQ >@ WKXVPDNLQJ WKH FRPSDULVRQ IURPRQH
VWXG\ WR WKH QH[W SUHWW\ GLIILFXOW 7KH PDLQ FDYHDW DFFRUGLQJ WR




LW\ 7KH ,QWHUQDWLRQDO (QHUJ\ $JHQF\ XVHV WKH OHYHOL]HG FRVW RI
IOH[LELOLW\/&2)DGHULYDWHRIWKH/&2(WRDVVHVVGLIIHUHQWIOH[
LELOLW\ WHFKQRORJLHV >@ )RU GLVSDWFKDEOH JHQHUDWLRQ WHFKQRORJLHV
WKLV PHWULF LQFOXGHV FDSDFLW\ IDFWRUV DQG F\FOLQJ UHJLPHV >@
LQWURGXFHVDFDSDFLW\YDOXH LQ LWV/&2(FDOFXODWLRQWRGLVWLQJXLVK
EHWZHHQGLVSDWFKDEOHDQGQRQGLVSDWFKDEOHXQLWV7RRYHUFRPHIXU
WKHU /&2( FDYHDWV >@ HYHQ LQWURGXFHV D IXUWKHU PHWULF WKH
OHYHOL]HGDYRLGHGFRVWVRI HQHUJ\/$&( WR UHIOHFW WKHYDOXHRI D
SURMHFWYLDWKHFRVWVRIHQHUJ\SURGXFWLRQZLWKRXWWKHSURMHFWUHDOL
]DWLRQ 2WKHU GHULYDWLYHV RI WKH /&2( KDYH EHHQ LQWURGXFHG DV
WKH ʔV\VWHP/&2(ʕ LQ >@ VLQFH WKH/&2(GRHV QRW DFFRXQW IRU
WKHKHWHURJHQHLW\RISRZHUSURGXFWLRQWHFKQRORJLHV

$V SRLQWHG RXW LQ >@ WKH YDOXDWLRQ RI IOH[LELOLW\ E\PHDQV RI D
VLQJOHPHWULFUHTXLUHVDVVXPSWLRQVRQKRZWRUHSUHVHQWFUXFLDOSD
UDPHWHUV OLNHWLPHDQGFRVWVWKXV LQWURGXFLQJD ORVVRIJHQHUDOLW\
$V VXFK SDUDPHWHUV DUH RIWHQ UHODWHG VXFK D PHWULF IOH[LELOLW\
PHWULFV DVZHOO DV /&2(ZRXOG QHFHVVDULO\ FRQFHDO WKHLU LQWHUDF
WLRQV >@7KH DXWKRUV RI >@ DOVR QRWH WKDW D VLQJOHPHWULFGRHV











I\ WKH IDFWRUV LQIOXHQFLQJ DYDLODEOH IOH[LELOLW\ 7KH IOHHWʑV VWDWLF
IOH[LELOLW\ LV GHILQHG LQ WHUPV RI WKH JHQHUDWLRQPL[PXVWUXQ FD
SDFLW\ UDPSUDWHV DQGPLQLPXP JHQHUDWLRQ OHYHO 7KH JHQHUDWLRQ
IOHHWʑVVWDWLFIOH[LELOLW\LVWKHQLPSURYHGE\WKHG\QDPLFIOH[LELOLW\
PHDVXUHG E\ WKH UDPSLQJ FDSDFLW\ DW D JLYHQ GLVSDWFK VLWXDWLRQ
>@ H[SORUHV WKHDGHTXDF\RI IOH[LELOLW\ UHVRXUFHV WRPHHW WKH V\V
WHP IOH[LELOLW\ UHTXLUHPHQWV E\ DGGLQJ D QHZ FRQVWUDLQW WR WKH
SRZHU V\VWHPʑV XQLW FRPPLWPHQW SUREOHP 7KLV FRQVWUDLQW VWDWHV






WRRO DOUHDG\PHQWLRQHG DERYH ,Q WKHLU FRQFOXVLRQ WKH DXWKRUV RI




QLQJ LQYHVWPHQW RSWLPL]DWLRQ DQG RSHUDWLRQ WKXV SURYLGLQJ DQ
DWWHPSW WR FRPELQH V\VWHP SODQQLQJ DQG RSHUDWLRQ 7KH LGHD RI
FRPELQLQJXQLW FRPPLWPHQWDQGH[SDQVLRQSODQQLQJ LVSXUVXHG LQ
>@ZLWKDGHGLFDWHGPHDVXUHRI WKH IOH[LELOLW\RI D UHVRXUFH7KH
IOH[LELOLW\ PHWULF LV D QRUPDOL]HG PHDVXUH RI D SRZHU SODQWʑV
GLVSDWFKDEOHUDQJHDQGUDPSUDWHFDSDELOLW\DQGWKHV\VWHPʑVIOH[
LELOLW\LVFRPSXWHGDVWKHZHLJKWHGVXPRIWKHLQGLYLGXDOIOH[LELOLW\
PHWULFV 8QLW FRPPLWPHQW LV XVHG WR GHWHUPLQH ZKLFK DPRXQW RI
YDULDEOHUHQHZDEOHJHQHUDWLRQFDQEHLQWHJUDWHGLQWRDV\VWHPDVD
IXQFWLRQ RI LWV IOH[LELOLW\ LQGH[ 7KH SURSRVHG PHWKRGRORJ\ LV
KRZHYHU PLVVLQJ WKH LQWUDKRXUO\ YDULDWLRQ RI IOH[LELOLW\ UHTXLUH
PHQWV >@ EDVHG RQ SUHYLRXVZRUN RI >@ SURSRVHV D XQLW FRP
PLWPHQWIRUPXODWLRQLQFOXGLQJIOH[LELOLW\FRQVWUDLQWVLQWKHIRUPRI
XSZDUG DQG GRZQZDUG UHVHUYH UDPSUDWH DQG UDPS GXUDWLRQ UH















>@ DGGUHVVHV WKH IOH[LELOLW\RIJHQHULF WHFKQRORJLHV IURPD V\VWHP
SODQQLQJ LQYHVWPHQW DQG LGOLQJ SHUVSHFWLYH %DVHG RQ >@ WKH
DXWKRU GHILQHV IOH[LELOLW\ DV WKH GLIIHUHQFH LQ V\VWHP SHUIRUPDQFH
PHDVXUHGLQWHUPVRIFRVWVZLWKDQGZLWKRXWXQFHUWDLQW\,Q>@
D SODQQLQJPRGHO LV XVHG WR HYDOXDWH WKH FRVW RIPHHWLQJ GHPDQG
ZLWKDQGZLWKRXWWKHJLYHQWHFKQRORJ\XVLQJDPXOWLVWDJHVWRFKDV
WLFSURJUDPPLQJPRGHOZKHUHDV>@XVHVDGHFLVLRQWUHHDSSURDFK
DQG SURGXFWLRQ FRVW PRGHO 7KH V\VWHP IOH[LELOLW\ LQ >@ LV DG
GUHVVHGYLDWKHGHWHUPLQDWLRQZKHWKHUVXIILFLHQWUHVHUYHVDUHDYDLO
DEOH DQG JHQHUDWRU IOH[LELOLW\ LV FRQVLGHUHG RYHU D JHQHUDWLRQSDW
WHUQ RI D W\SLFDOZHHN*HQHUDWLRQ WHFKQRORJLHV DUH DJJUHJDWHGE\
WHFKQRORJ\DQGFRPPLWPHQWGDWHV

>@ GHYHORSV D SODQQLQJ PHWULF IRU IOH[LELOLW\ RIIHUHG E\ FRQYHQ
WLRQDOSRZHUSODQWVWRPHHWQHWORDGFKDQJHV7KH(IIHFWLYH5DPS
LQJ &DSDELOLW\ (5& FDOFXODWHV WKH FRQWULEXWLRQ RI D VLQJOH XQLW
IRU WKH V\VWHP WR UDPS LQ D JLYHQGLUHFWLRQ DQG WLPH IUDPH WKXV
FDOFXODWLQJWKH IOH[LELOLW\DYDLODEOHWRWKHV\VWHPRSHUDWRUYLDWKLV










NHW VLJQDOV >@ SHUIRUPV WKH VDPH DVVHVVPHQW EXW RSWLPL]HV WKH
ZKROH V\VWHP XQLW FRPPLWPHQW LQ UHVSRQVH WR D GHPDQG SURILOH









H[RJHQRXVO\ GHILQHG LQYHVWPHQW 7KH DVVHVVPHQW LQ >@ LQFOXGHV
WKH LQWUDGD\PDUNHW LW LV KRZHYHU XQFOHDUZKHWKHU WKH LQWUDGD\
SULFHVLJQDOLVXVHGDVWKHSULPDU\GLVSDWFKLQJVLJQDORUDVDQDUEL
































































































































7KH YDULRXV PHWKRGV IRXQG LQ WKH OLWHUDWXUH IRU DVVHVVLQJ RSHUD
WLRQDOIOH[LELOLW\FRXOGEHSODFHGLQWRWKUHHFDWHJRULHVVWDWLFVHPL
VWDWLFDQGG\QDPLF6WDWLFPHWKRGVGRQRWDFFRXQWIRURSHUDWLRQDO






WKLV GHYLDWLRQ $Q DVVHVVPHQW EDVHG RQ WKH IXOO RSHUDWLRQ SURILOH
ZRXOGEHFRQVLGHUHGDVDG\QDPLFPHWKRG

7R LOOXVWUDWH WKH OLPLWDWLRQV RI VWDWLFPHWKRGV RQHPXVW FRQVLGHU
DVVHVVLQJWKHYDOXHRIDVWDUWXSFRVWUHGXFWLRQ3RZHUSODQWVWDUW
XSVDUHYHU\FRVWO\UHJDUGLQJ IXHODVZHOODV OLIHWLPHFRQVXPSWLRQ
WKH H[SHQVHV JURZZLWK WKH GXUDWLRQ IRU ZKLFK WKH FULWLFDO SRZHU





GXFHG FRVWV VWDUWXSV PD\ FRPH LQWR FRPSHWLWLRQ ZLWK SDUWORDG
HYHQWV DQG WKXV LQFUHDVH LQ QXPEHU DQG PD\EH RYHUFRPSHQVDWH
WKH FRVWV GXH WR GHJUDGHG HIILFLHQF\ DW SDUWORDG &RPSDULQJ WZR
SRZHUSODQWVZLWKGLIIHUHQWVWDUWXSFKDUDFWHULVWLFVEH LWFRVWVRU
GXUDWLRQUHJDUGLQJRSHUDWLRQDOIOH[LELOLW\E\VHWWLQJWKHQXPEHURI
HYHQWV H[RJHQRXVO\ LQWURGXFHV D ELDV 7KH XSJUDGHV ZLOO QRW RQO\
LPSDFWWKHFRVWVRUGXUDWLRQRIVWDUWXSHYHQWVEXWDOVRLPSDFWWKH
QXPEHU RI VWDUWXS HYHQWV $ IXUWKHU ELDV LV LQWURGXFHG ZKHQ DV
VXPLQJ FRQVWDQW VWDUWXS FRVWV 6LQFH HOHFWULFLW\ LV DOUHDG\
SURGXFHGGXULQJ VWDUWV LW FDQ DOVR EH VROG DQG WKXV WKH VWDUWXS
QHW FRVWV GHSHQG RQ WKH HOHFWULFLW\ SULFH EXW DOVR IXHO FRVWV$Q
H[HPSODU\ FDOFXODWLRQ VKRZV WKH QHW FRVWV IXHO FRVWV PLQXV VROG
HOHFWULFLW\ LQ GHSHQGHQFH RQ HOHFWULFLW\ SULFHV VHH )LJXUH 5HDO







IOXHQFHV WKH LPSRUWDQFH DQG FRVWV RI WUDQVLHQWSRZHUSODQW RSHUD
WLRQV7KLVG\QDPLFLVFRPSRVHGRILDG\QDPLFZKLFKGULYHVWKH
DFWXDO FRVWV DQG SURILWV RI IOH[LEOH RSHUDWLRQ VWDUWXS FRVWV DQG
LLDG\QDPLFZKLFKGULYHVWKHQXPEHURIF\FOLQJHYHQWVZLWKLQD
JLYHQSHULRGQXPEHURIVWDUWXSHYHQWV1RWDFFRXQWLQJIRUWKHVH
G\QDPLFV FDQ VXEVWDQWLDOO\ PRGLI\ WKH UHVXOWV RI WKH RSHUDWLRQDO
IOH[LELOLW\ DVVHVVPHQW$ IXUWKHU G\QDPLF DVSHFW RI WKH FRQVLGHUHG
SUREOHPLV LQWURGXFHGE\WKHWLPHOLQHVDQGWLPHVWHSVRIWKHPDU
NHWV LQZKLFK SRZHU SODQWV DUH GLVSDWFKHG7KH GD\DKHDG LQWUD
GD\ DQG IUHTXHQF\ FRQWURO PDUNHWV DV LQWURGXFHG LQ  GLIIHU E\








$QVZHULQJ WKH UHVHDUFK TXHVWLRQ UHTXLUHV D KLJK WLPH UHVROXWLRQ
7KHKLJKWLPHUHVROXWLRQLVQHFHVVDU\GXHWRWKHKLJKUHVROXWLRQRI
WKHPDUNHWVWKHPVHOYHV OLNHWKHKRXUO\GD\DKHDGPDUNHWV ILIWHHQ
PLQXWHV LQWUDGD\ PDUNHWV RU WKH WKLUW\ VHFRQGV DFWLYDWLRQ RI WKH








VWRUDJH GHPRQVWUDWHV WKDW WLPH UHVROXWLRQ LPSDFWV WKH YDOXH DV




$QVZHULQJ WKH UHVHDUFK TXHVWLRQV DOVR UHTXLUHV ORQJWHUP DVVHVV
PHQWV 7KH WLPH KRUL]RQ QHHGV WR EH ORQJ HQRXJK WR LQFOXGH WKH
VHDVRQDOSDWWHUQV DVZHOO DVGLIIHUHQWPHWHRURORJLFDO HYHQWVZKLFK
DUHRILPSRUWDQFHLQDV\VWHPZLWKDKLJKVKDUHRIYDULDEOHUHQHZ
DEOHHQHUJ\VRXUFHVEDVHGRQZLQGDQGVXQ2SHUDWLRQDO IOH[LELOLW\









































































































































7KH DVSHFWV RI OLIHWLPH FRQVXPSWLRQ DQG PRGLILHG PDLQWHQDQFH
VWUDWHJLHV DUH RI VSHFLDO LQWHUHVW WR WKHSRZHUSODQW RSHUDWRU7KH
RYHUDOO RSHUDWLRQDO VWUDWHJLHV UHO\XSRQ VXFK FRQVLGHUDWLRQV$GGL
WLRQDOO\ IRUWKHWDUJHWHGDVVHVVPHQWLQDOLEHUDOL]HGPDUNHWDNH\
ILJXUHLVWKHUHWXUQRQLQYHVWPHQW52,&XUUHQWO\(XURSHDQXWLO
LWLHV DUH UHOXFWDQW WR LQYHVW LQ UHWURILWV ZLWK 52,V JUHDWHU WKDQ
WKUHH \HDUV 7KLV WLPH KRUL]RQ PLJKW DSSHDU DV VKRUWUXQ IURP D





ODU WR FRPELQLQJ SODQQLQJ DQG RSHUDWLRQ ZKLFK DUH XVXDOO\
VHSDUDWHGLQWKHOLWHUDWXUH>@:KHQDVVHVVLQJRSHUDWLRQDOIOH[LELO
LW\ WKH EXUGHQ LV IXUWKHU LQFUHDVHGE\ WKH QHFHVVLW\ RI FRPELQLQJ




PHWKRGV IRU WKH UHVHDUFK WRSLF +RZHYHU PRVW RI WKH SURSRVHG
PHWKRGRORJLHV VFUHHQHG LQ VHFWLRQ  UHO\ RQ VWDWLF RU VHPLVWDWLF
PHWKRGV )XUWKHUPRUH WKH SRZHU SODQWʑV RSHUDWLRQDO IOH[LELOLW\ LV
QRW OLPLWHG WR LWV WHFKQLFDO FDSDELOLW\ EXW RQ WKH LQFHQWLYHV WR
PDNH XVH RI LW LQ WKH SRZHU SODQWʑV OLEHUDOL]HG PDUNHW FRQWH[W
7KHUHIRUH WKH DXWKRU SURSRVHV WR PDNH XVH RI WKH SRZHU SODQWʑV
GLVSDWFKDVDIOH[LEOHUHVSRQVHWRWKHVLJQDOVVHWE\LWVPDUNHWHQYL
URQPHQW VLPLODU WR WKH LGHDV UDLVHG LQ >@ ,Q >@ WKHSRZHU
SODQW GLVSDWFK LV QRW IXOO\ RSWLPL]HG DV WKH QXPEHU FRVWV DQG
TXDOLW\ RI WKH VWDUWV DUH VHW H[RJHQRXVO\ $V WKH FDOFXODWLRQ LQ
VXEVHFWLRQ  KDV VKRZQ WKLV GRHV QRW VXLW RXU VSHFLILFDWLRQ
6WRUDJH WHFKQRORJLHV DUH DGGUHVVHG LQ >@ ZKHUHDV WKH ZRUN DW
KDQGWDUJHWVFRQYHQWLRQDOSRZHUSODQWV

,Q WKH OLWHUDWXUH ILQGLQJ WKHSRZHUSODQWʑV GLVSDWFK LV UHIHUUHG WR
DV WKH XQLW FRPPLWPHQW DQG HFRQRPLF GLVSDWFK SUREOHP ,Q >@
WKHLGHDRIʔXVLQJXQLWFRPPLWPHQWPRGHOVWRYDOXHQHZSURGXFWVʕ
LV UDWHG DV D ʔYHU\ LPSRUWDQW WRSLF UHTXLULQJ IXQGDPHQWDO UH
VHDUFKʕ ,QWKLVZRUNʑVFRQWH[WQHZSURGXFWV UHIHU WRSRZHUSODQW
IOH[LELOL]DWLRQ7KHZRUNDWKDQGFRQWULEXWHVWRWKLVWRSLFE\TXDQ
WLWDWLYHO\ VROYLQJ WKH ORQJWHUP KLJKUHVROXWLRQ XQLW FRPPLWPHQW
DQGHFRQRPLFGLVSDWFKSUREOHP IRU WKHYDOXDWLRQRISRZHUSODQWʑV







UHVHDUFK TXHVWLRQ WKH DIRUHPHQWLRQHGPRGHO ZLOO EH HQKDQFHG E\




UHVHUYDWLRQZLOOEH LPSURYHG WRDFFRXQW IRURSHUDWLRQDO IOH[LELOLW\
$VWKH OLWHUDWXUHUHYLHZIXUWKHUVKRZV LW LVXQFOHDUKRZPXFKGH
WDLO D VXLWHG SRZHU SODQW GHVFULSWLRQ VKRXOG HQWDLO 7KH ZRUN DW
KDQGWKXVFRQWULEXWHVE\SURSRVLQJDSDUDPHWULFSRZHUSODQWPRG
HO DGGUHVVLQJ WKH RSHUDWLRQDO IOH[LELOLW\ʑV UHOHYDQW LVVXHV $
TXDQWLILFDWLRQRIWKHLQIOXHQFHRIWKHFKRVHQSRZHUSODQWPRGHODQG







UDQJH RI UHQHZDEOHV VKDUHV VR WKDW WKH UHWURDFWLYH REVHUYDWLRQ RI
WKH LQFUHDVLQJVKDUHVZLWKWLPHEXWDOVRGLIIHUHQWSHQHWUDWLRQ OHY
HOVDPRQJFRXQWULHVRIIHUVDVROLGEDVLVIRUDQVZHULQJWKHUHVHDUFK
TXHVWLRQV 7KH LQYHVWLJDWLRQ RI WKH PDUNHW GHVLJQ DQG KRZ WKH
PHUFKDQW GLVSDWFKDEOH SRZHU SODQWV UHDFW WR WKH PDUNHW LQ WKHLU
RSHUDWLRQVWUDWHJLHVLVWKHSULPDU\SUDFWLFDOUHOHYDQFHRIWKLVZRUN
7KHGHYHORSHGPHWKRGVDOORZIRUDTXDQWLWDWLYHDVVHVVPHQWRIFRQ
YHQWLRQDO SRZHU SODQWVʑ  RSHUDWLRQDO IOH[LELOLW\ $ VHW RI
GLVSDWFKDEOHWHFKQRORJLHVZLOOEHFRPSDUHGLQWHUPVRIRSHUDWLRQDO







 3ODQQLQJDQGVFKHGXOLQJDYDVWZRUOGRIDSSURDFKHV 7LPHGLVFUHWHDSSURDFKHV $UWLILFLDOLQWHOOLJHQFH7HPSRUDOSODQQLQJ 'LVFUHWH(YHQWV\VWHPV$XWRPDWDWKHRU\
 

7KLV VHFWLRQ LV GHGLFDWHG WR PDSSLQJ WKH XQLW FRPPLWPHQW ILHOG
WKXVKHOSLQJWKHVXEVHTXHQWVHOHFWLRQRIDVXLWHGXQLWFRPPLWPHQW
SUREOHPIRUWKHUHVHDUFKTXHVWLRQV'LIIHUHQWDSSURDFKHVDUHDYDLO






D JLYHQ WLPH KRUL]RQ XQGHU D VHW RI FRQVWUDLQWV 7KLV SUREOHP LV
IDFHGE\JHQHUDWLQJXWLOLWLHV DQGV\VWHPRSHUDWRUVEXWDOVRE\VX
SUDQDWLRQDO QDWLRQDO DQG UHJLRQDO SROLF\PDNHUV ,Q D OLEHUDOL]HG
FRQWH[W WKH ILUVW RQH DLPV DW RSHUDWLQJ DQGPDLQWDLQLQJ LWV IOHHWV
ZLWKSURILWPD[LPL]DWLRQZKHUHDVWKHVHFRQGDLPVDWRSHUDWLQJWKH
V\VWHPIURPDZHOIDUHPD[LPL]LQJSHUVSHFWLYHZLWKDPLQGWRV\V
WHP FRQVWUDLQWV 3ROLF\PDNHUV FDQ PDNH XVH RI WKLV SUREOHP WR
DQDO\]H WKH HIIHFWV RI WKHLU SROLFLHV DQG WKXV VXSSRUW GHFLVLRQ
PDNLQJ7KHXQLWFRPPLWPHQWLQFOXGHVYDULRXVIDFHWVDQGGHSHQG
LQJ RQ LWV SXUSRVH PLJKW KDYH YHU\ GLIIHUHQW IRUPXODWLRQV 7KH
XQLW FRPPLWPHQW FDQ EH FRPSOHPHQWHG E\ WKH HFRQRPLF GLVSDWFK
SUREOHP WR GHULYH WKH SURGXFWLRQ OHYHO ZKHQ SRZHU SODQWV DUH
FRPPLWWHG >@ ,I WKH QHWZRUN LV DFFRXQWHG IRU WKH SUREOHP LV
UHIHUUHG WR DV WKH RSWLPDO SRZHU IORZ SUREOHP >@ 7KH SUREOHP
IRUPXODWLRQFRQVLVWVRIDQGGLIIHUVE\RQHRUPRUHREMHFWLYHIXQF
WLRQVDQGWKHVHWRIFRQVWUDLQWVWKHPDUNHWDQGWHFKQRORJ\LPSRVHV






LV UHIOHFWHG E\ HPLVVLRQFRQVWUDLQHG SUREOHP IRUPXODWLRQV >@
ZKLFK OLPLW WKH QXPEHU RI SROOXWDQWV DQG SULFH WKHP )XUWKHU
HVVHQWLDOFRQVWUDLQWVIRUWKHV\VWHPRSHUDWLRQDUHWKHQHWZRUNRQHV
7KH QHWZRUN FDQ EH PRGHOHG ZLWK YDULRXV GHJUHHV RI FRPSOH[LW\
UDQJLQJ IURP D ʔFRSSHU SODWHʕ DVVXPSWLRQ WR QRQOLQHDU DQG QRQ
FRQYH[$&PRGHOV >@:LWK LQFUHDVLQJVKDUHVRI LQWHUPLWWHQWHQ
HUJ\ LQIHHG WKH V\VWHP VHFXULW\ LVVXH LVPRUH VLJQLILFDQW DQG VHU
YLFHVOLNHIUHTXHQF\DQGYROWDJHFRQWURODUHLQFOXGHGLQWKHSUREOHP
IRUPXODWLRQ 7KH HQHUJ\ V\VWHP HOHFWULILFDWLRQ LV IDFLOLWDWHG E\ D
PRUH HODVWLF GHPDQG ZKLFK DOVR UHTXLUHV D PRGLILFDWLRQ RI WKH
SUREOHP IRUPXODWLRQ 7KH LQWURGXFWLRQ RI VWRUDJH DQG YHKLFOHWR
JULGOHDGVWRPRYLQJERUGHUVEHWZHHQWKHVXSSO\DQGGHPDQGVLGH
DVWKHVHRSHUDWHDVZHOODVVLQNVDVJHQHUDWRUV7KHSUREOHPIRUPX
ODWLRQV DOVR YDU\ LQ KRZ XQFHUWDLQW\ LV UHSUHVHQWHG 3XUHO\ GHWHU
PLQLVWLFSUREOHPVLJQRUHVWRFKDVWLFLW\ZKHUHDVVWRFKDVWLFSUREOHPV
LQFOXGHLWLQWKHSUREOHPIRUPXODWLRQ8QFHUWDLQW\FDQEHDFFRXQW





,Q (XURSH PRVW RI WKH HQHUJ\ V\VWHPV DUH RUJDQL]HG DV VHOI
GLVSDWFKZKHUHDV FHQWUDO GLVSDWFK LV RQO\ LQSODFH LQ D IHZ FRXQ
WULHVVXFKDV*UHHFH,UHODQG,WDO\DQG3RODQGVHH>@7KHPDLQ
GLIIHUHQFHEHWZHHQERWKV\VWHPV LVWKHV\VWHPRSHUDWRUʑV UHVSRQVL
ELOLW\:KHUHDV LQ WKH FHQWUDOO\ GLVSDWFKHG V\VWHP WKH V\VWHPRS
HUDWRUFROOHFWVDOOELGVDQGGHILQHVWKHV\VWHPRSHUDWLRQDQGSULFHV
FHQWUDOO\ WKH VHOIGLVSDWFK V\VWHP LV RUJDQL]HG LQ H[FKDQJHV DQG
RYHUWKHFRXQWHUWUDQVDFWLRQVZKLFKDUHFRPPXQLFDWHGWRWKHV\V
WHPRSHUDWRUDORQJZLWK WKHFRUUHVSRQGLQJSODQQHGRSHUDWLRQSUR
ILOHV 7KH V\VWHP RSHUDWRU RSHUDWHV FHQWUDO FRQWURO DW WKLV SRLQW
DQG FDOFXODWHV FRVWV IRU GLVFUHSDQFLHV DIWHU UHDOL]DWLRQ 6LQFH WKH
GHUHJXODWLRQ RI PRVW HOHFWULFLW\PDUNHWV WKH HOHFWULFLW\ SURGXFHUV
QR ORQJHU RSHUDWH WKH SODQW LQ DJUHHPHQWZLWK D SUHGHILQHG ORDG
SURILOH ,QVWHDG WKH\ FRPSHWH DQG VWULYH WRPD[LPL]H WKHLU SURILW
YLD RSWLPDO ELGGLQJV7KLV VLWXDWLRQ FDQ EH GHVFULEHG E\ WKH VHOI
VFKHGXOLQJSUREOHP>@7KXVKHUHLWLVSURSRVHGWRVROYHWKHVHOI
VFKHGXOLQJ SUREOHP WR SHUIRUP WKH TXDQWLWDWLYH ORQJWHUP KLJK
 
UHVROXWLRQ WHFKQRHFRQRPLF DVVHVVPHQW RI RSHUDWLRQDO IOH[LELOLW\ DW
LQGLYLGXDO SRZHU SODQWV7KH SXUSRVH LV WR ILQG WKH RSWLPXPGLV




WR WKHRQHV VROYHG LQ >@ ,W UHOLHVRQ WKHDVVXPSWLRQV
WKDWWKHUHLVSHUIHFWFRPSHWLWLRQDVLWLVDVVXPHGWKDWWKHGLVSDWFK
GHFLVLRQ IRUDVLQJOHSRZHUSODQWGRHVQRWDIIHFWWKHPDUNHWSULFHV
>@ 7KLV DVVXPSWLRQ LV DOVR UHIHUUHG WR DV LQILQLWH PDUNHW
DVVXPSWLRQ RU SULFHWDNHU DSSURDFK %LGGLQJ LV QRW DGGUHVVHG ,W
KDVEHHQGHPRQVWUDWHG LQ >@ WKDWXQGHUSHUIHFW FRPSHWLWLRQ WKH
JHQHUDWRUVVKRXOGELGWKHLUPDUJLQDORSHUDWLRQFRVWV>@)RUUHDG
DELOLW\ WKH GHWHUPLQLVWLF VHOIVFKHGXOLQJ SUREOHP RI D PHUFKDQW




)RUPXODWLQJ DQG VROYLQJ WKH XQLW FRPPLWPHQW DQG HFRQRPLF GLV
SDWFK SUREOHP LV D ZLGHO\ UHVHDUFKHG WRSLF DQG H[WHQVLYH VXUYH\V
RQVROYLQJWHFKQLTXHVFDQEHIRXQGLQ>@>@DQG>@7KHZRUOG
RI VFKHGXOLQJ SRZHU SODQWV LV YDVW E\ LWVHOI EXW LV HYHQ PRUH
H[WHQVLYH LI ZH FRQVLGHU WKH VFKHGXOLQJ DSSOLHG WR RWKHU GRPDLQV
OLNHWKHLQGXVWULDOVFKHGXOLQJRIPDFKLQHVIRUSURGXFWLRQSURFHVVHV
7KLVFKDSWHUWKHUHIRUHSURYLGHVDUHYLHZRIWKHVWDQGDUGSUDFWLFHV




DOORZHG VHW7KH RSWLPL]DWLRQ RI WKH XQLW FRPPLWPHQW SUREOHP LV
WLPH GHSHQGHQW 7KH SUREOHP IRUPXODWLRQ WKXV QHHGV WR GHILQH D
WLPHUHSUHVHQWDWLRQZKLFKZLOO LQIOXHQFHWKHGHFLVLRQYDULDEOHYHF












DOEXUGHQ7KHRSWLPL]DWLRQSUREOHPV IDFHG LQSRZHU V\VWHPV IXU
WKHU LQFOXGH QRQOLQHDULW\ >@ DQG D PL[ RI GLVFUHWH DQG
FRQWLQXRXVSURFHVVHV >@7KHUHVXOWLQJSUREOHPZRXOGWKXVEHD
PL[HGLQWHJHUQRQOLQHDUSURJUDPPLQJSUREOHP0,1/33UREOHPV
FDQEH VLPSOLILHG WR D OLQHDUSUREOHP /3 DQG WKXVPDNHXVH RI




0L[HGLQWHJHU SURJUDPPLQJ 0,3 KDV EHFRPH WKH DSSURDFK RI
FKRLFHIRUVROYLQJWKHXQLWFRPPLWPHQWSUREOHP7KLVKDVUHVXOWHG
IURPWKHGUDVWLFLPSURYHPHQWVLQ0,3SUREOHPVROYHUVLQWKHSDVW
\HDUV >@5HVHDUFKKDV EHHQGRQH DQG VWLOOZRUNV RQ WKH EHWWHU
IRUPXODWLRQRI WKHSUREOHP IRU ORZHU VROYLQJGXUDWLRQ >@ >@
>@+RZHYHUPRVWRIWKHSURSRVHGSUREOHPVDUHRIPRGHUDWHVL]H
DQGPDNH XVH RI VLPSOLVWLF LQ WKH OLJKW RI RSHUDWLRQDO IOH[LELOLW\










UHDG\ SXEOLVKHG LQ  >@ '\QDPLF SURJUDPPLQJ LV D VHDUFK







$ IXUWKHU VHDUFK SURFHGXUH KDV EHHQ LQWURGXFHG ZLWK WKH EUDQFK
DQG ERXQG DSSURDFK >@ ZKLFK ILQGV QHDURSWLPDO VROXWLRQV LQ
WKHVSDFHOLPLWHGE\DORZHUERXQGWRWKHRSWLPDOVROXWLRQ7RILQG
WKH ORZHU ERXQG WR WKH RSWLPDO VROXWLRQ WKH GXDO RSWLPL]DWLRQ
SUREOHPQHHGVWREHVROYHG>@7KLVOHDGVWRWKHIDPLO\RIGHFRP
SRVLWLRQDSSURDFKHVDPRQJZKLFKWKH/DJUDQJLDQUHOD[DWLRQ>@
ZLGHO\ XVHG DQG DFFHSWHG LQ WKH FRPPXQLW\ >@ 7KLV PHWKRG
EUHDNV GRZQ WKH SUREOHP LQWR D PDVWHU SUREOHP DQG LWV VXE
 
SUREOHPV7KHGXDOSUREOHPZKLFKOLQNVWKHPDVWHUSUREOHPWRWKH
VXESUREOHPV YLD /DJUDQJH PXOWLSOLHUV LV PRUH FRPIRUWDEOH WR
VROYH 7KH %HQGHUV GHFRPSRVLWLRQ GLYLGHV WKH SUREOHP LQWR WKH
HFRQRPLFGLVSDWFKSUREOHPDQGDQ LQWHJHUXQLWFRPPLWPHQWSURE
OHPWKXVVROYLQJWKHOLQHDUSUREOHPDQGVHDUFKLQJIRULQWHJHUVROX
WLRQV 7KH OLWHUDWXUH RIIHUV D ODUJH YDULHW\ RI DSSURDFK FRPELQD





RYHU WKH GLVFUHWL]DWLRQ RI WLPH UHSUHVHQWV D SUREOHP DSSUR[LPD
WLRQ ZKLFK PLJKW OHDG WR ORZHU TXDOLW\ VROXWLRQV 7KH IROORZLQJ
VHFWLRQʑV IRFXV LV WKXV RQ RWKHU WLPH UHSUHVHQWDWLRQV$ UHYLHZ RI
WKHWLPHGLVFUHWHDQGWLPHFRQWLQXRXVDSSURDFKHVWRWKHSUREOHPRI
SURFHVVVFKHGXOLQJLVSHUIRUPHGLQ>@7KHDXWKRUVRI >@QRWH
WKDW WKH FKDUDFWHULVWLF RI WLPHFRQWLQXRXVDSSURDFKHV LV WKH LQWUR
GXFWLRQRIHYHQWVRUYDULDEOHWLPHLQWHUYDOVZKLFKLVDOVRFRPPRQ
WR WKH DSSURDFKHV VHOHFWHG LQ WKH QH[W VHFWLRQV 7KHVH OHVV
FRQYHQWLRQDO DSSURDFKHV WR WKH XQLW FRPPLWPHQW DQG HFRQRPLF
GLVSDWFK SUREOHP DUH IXUWKHU EDVHG RQ WKH IDFW WKDW SRZHU SODQW





DQG HFRQRPLF GLVSDWFK SUREOHP KDYH EHHQ SURSRVHG DQG DUH
UHYLHZHG LQ HJ >@ DQG >@ $WWHPSWV KDYH EHHQ SURSRVHG E\
>@ >@ DQG >@ WR DSSO\ WHPSRUDO SODQQLQJ WR SRZHU SODQW
VFKHGXOLQJ7HPSRUDO SODQQLQJ LV DEUDQFK RI DXWRPDWHGSODQQLQJ
DQG VFKHGXOLQJ LWVHOI D EUDQFK RI DUWLILFLDO LQWHOOLJHQFH 7HPSRUDO
SODQQHUVGRQRW UHTXLUH WLPHGLVFUHWL]DWLRQ >@7KHSULPDU\DG
DSWDWLRQRISODQQLQJ IRUXQLWFRPPLWPHQWSUREOHPV OLHV LQWKHGH
OLYHU\RIDEHVWSRVVLEOHVFKHGXOHQRWRQO\D IHDVLEOHVFKHGXOHEXW
DOVR RSWLPXP DQG WKHQ LQ WKH UHSUHVHQWDWLRQ RI VWDWHGHSHQGHQW









7KH FRQWLQXRXV DQGGLVFUHWHQDWXUH RISURFHVVHV LQSRZHU V\VWHPV
KDVEHHQDQDO\]HGIURPDFRQWUROSRLQWRIYLHZLQ>@7KHDXWKRU
RI >@QRWHVWKDW'LVFUHWHHYHQWVG\QDPLFV\VWHP'('6PLJKW
EH D YDOLG DSSURDFK WR VROYLQJXQLW FRPPLWPHQWSUREOHPV DV WKH
WLPH VFDOHRI WKHGLVFUHWH FRPPLWPHQWGHFLVLRQV LVGHFRXSOHG IURP
WKH RSHUDWLRQDO WLPHVFDOH $ GLVFUHWH HYHQW V\VWHP LV GHILQHG LQ
>@ DV D G\QDPLF V\VWHP FKDUDFWHUL]HG E\ DV\QFKURQRXV RFFXU
UHQFHV RI GLVFUHWH FRQWUROOHG DV ZHOO DV XQFRQWUROOHG HYHQWV ,W LV
LQWHUHVWLQJ WR QRWH WKDW XQLW FRPPLWPHQW DQG HFRQRPLF GLVSDWFK
DUHDOVRGHILQHGDVWZRGLVWLQFWSUREOHPVDQGWKDWWKH%HQGHUʑVGH





$XWRPDWD WKHRU\ EHORQJV WR WKH '('6 WKHRU\ DQG LV GHILQHG LQ
>@ DV ʔWKH VWXG\ RI DEVWUDFW FRPSXWLQJGHYLFHV RU ʔPDFKLQHVʕʕ
DQGZDVRULJLQDOO\XVHG WRPRGHO WKHKXPDQEUDLQDQGGHILQH WKH
WUDFWDELOLW\RISUREOHPV IRUFRPSXWLQJPDFKLQHV 7XULQJPDFKLQH
>@ 7KH DXWRPDWD WKHRU\ LV FKDUDFWHUL]HG E\ WKH GHILQLWLRQ RI
VWDWHPDFKLQHVZLWKVWDWHVDQGWUDQVLWLRQVDQGWKHFRUUHVSRQGLQJ
VHPDQWLF GHILQLQJ WKH V\VWHP EHKDYLRU >@ 7LPHG DXWRPDWD H[
WHQGWKLVWKHRU\ZLWKDFRQWLQXRXVWLPHUHSUHVHQWDWLRQ6\VWHPVLQ
ZKLFK FRQWLQXRXV DQG GLVFUHWH G\QDPLFV FRH[LVW KDYH DOVR EHHQ
VWXGLHG IURP D FRQWURO SRLQW RI YLHZ XVLQJ WKH DXWRPDWD WKHRU\




]DWLRQ LQ >@ FKDSWHU  3ULFHG WLPHG DXWRPDWD LV XVHG IRU IXHO
IORZ FRQWURO DW IRVVLOILUHG SRZHU SODQWV LQ WKH 3K' WKHVLV >@
IRUZKLFKPRGHO FKHFNLQJ LV XVHG WR ILQG D IHDVLEOH VFKHGXOHZLWK
WKH SURSHUW\ RI ORZHVW FRVW ,Q FDVH RI PRUH FRPSOH[ V\VWHPV LQ
YROYLQJFRQFXUUHQWSURFHVVHVLWKDVEHHQSURSRVHGLQ>@WRPDNH





7KH ILUVW SDUW RI WKLVZRUN FODULILHG WKHQHHG IRU TXDQWLILFDWLRQ RI
WKHYDOXHRIRSHUDWLRQDO IOH[LELOLW\DWWKHUPDOSRZHUSODQWV IURPD
SRZHUSODQW RSHUDWRU SHUVSHFWLYH7KH UHOHYDQFH RI XVLQJG\QDPLF
DSSURDFKHVIRUDVVHVVLQJDSRZHUSODQWʑVRSHUDWLRQDOIOH[LELOLW\KDV




WKH DXWKRU WKHUHIRUH SURSRVHG WR DGGUHVV WKH UHVHDUFK WRSLF E\
VROYLQJDXQLWFRPPLWPHQWDQGHFRQRPLFGLVSDWFKSUREOHPWRSHU
IRUP WKH TXDQWLWDWLYH ORQJWHUP KLJKUHVROXWLRQ WHFKQRHFRQRPLF
DVVHVVPHQW RI RSHUDWLRQDO IOH[LELOLW\ DW LQGLYLGXDO GLVSDWFKDEOH
SRZHUSODQWV$UHYLHZRIWKHYDULHW\RIXQLWFRPPLWPHQWSUREOHPV
OHG WR WKH VHOHFWLRQ RI WKH GHWHUPLQLVWLF VLQJOH XQLW VHOIVFKHGXOLQJ
SUREOHPZLWKDSULFHWDNHUSHUVSHFWLYHDQGSHUIHFWSULFH IRUHVLJKW
7KHQH[WVHFWLRQWKHQUHYLHZHGSRVVLEOHXQLWFRPPLWPHQWDQGHFR
QRPLF GLVSDWFK SUREOHP IRUPXODWLRQV DQG VROYLQJ DSSURDFKHV H[
WHQGHG WR WKH ILHOGV RI SODQQLQJ VFKHGXOLQJ DQG FRQWURO 7KLV
EURDGHU RYHUYLHZ LQGLFDWHG WKDW PHWKRGV GLIIHU SULPDULO\ LQ KRZ
WLPH LV UHSUHVHQWHG &RQWLQXRXV WLPH UHSUHVHQWDWLRQV PLJKW EH





LV TXDQWLWDWLYHO\ ZRUNHG RXW XVLQJ VWDWH RI WKH DUW PL[HGLQWHJHU
SURJUDPPLQJ IRUPXODWLRQV DQG RIIWKHVKHOI VROYHUV 7R RYHUFRPH
WKH OLPLWDWLRQV RI WKH VWDWHRIWKHDUW DSSURDFKHV IRU IRUPXODWLQJ
DQGVROYLQJXQLWFRPPLWPHQWSUREOHPVWKHDXWKRUIXUWKHUSURSRV
HVDQHZDSSURDFKEDVHGRQDQDOWHUQDWLYHWLPHUHSUHVHQWDWLRQ$























 )OH[LELOLW\SDUDPHWHUV 1RPHQFODWXUH 3RZHUSODQWF\FOLQJ )XHOFRQVXPSWLRQDQGHIILFLHQF\ *UHHQKRXVHJDVHPLVVLRQFRVWVDQGOLPLWDWLRQV /LIHWLPHFRQVXPSWLRQDQGPDLQWHQDQFHFRVWV
 7KHRSWLPL]DWLRQSUREOHPIRUPXODWLRQ 6HOIVFKHGXOLQJREMHFWLYHIXQFWLRQ 7LPHGLVFUHWHSUREOHPIRUPXODWLRQ




7KH DXWKRUV RI >@ TXDQWLWDWLYHO\ DVVHVV WKH HIIHFW RI LQFOXGLQJ
PRUHGHWDLO LQWKHSRZHUSODQWGHVFULSWLRQRQWKHF\FOLQJEHKDYLRU
UHVXOWLQJ IURP D V\VWHP RSWLPL]DWLRQ 6LPLODUO\ WKLV VHFWLRQ DLPV
WRTXDQWLI\ WKH LPSRUWDQFH RI WKH HOHFWULFLW\JHQHUDWRUGHVFULSWLRQ
IRU DQ DFFXUDWH SODQWVSHFLILF RSHUDWLRQDO IOH[LELOLW\ DVVHVVPHQW
IURP D SODQW RSHUDWRU SHUVSHFWLYH 7KHUHIRUH D TXDQWLWDWLYH DV
VHVVPHQW RI WKH LPSDFW RI WKH SRZHU SODQW GHVFULSWLRQ RQ WKH UH
VXOWLQJRSWLPL]HGRSHUDWLRQSURILOH IRU LD VWDWHRI WKHDUWSRZHU
SODQWPRGHO IURP WKH RSHUDWLRQV UHVHDUFK OLWHUDWXUH DQG IRU LL
DQ LPSURYHG JHQHUDWLQJ SODQW LV FRQGXFWHG 7KH DVSHFWV ZLWK WKH
KLJKHVW LPSRUWDQFH IRUWKHWHFKQRHFRQRPLFDQDO\VLVDUH ILUVWHYDO
XDWHG EHIRUH GHULYLQJ D FRUUHVSRQGLQJ SRZHU SODQW GHVFULSWLRQ
6XFKDGHVFULSWLRQ LVDYRLGLQJ WRRPXFKGHWDLO LQRUGHU WR UHGXFH
WKHSUREOHPVL]HEXW LQFOXGHVDOOSDUDPHWHUV LQIOXHQFHGE\RSHUD
WLRQDO IOH[LELOLW\7KHVH LQFOXGH DPRQJ RWKHUV D GHWDLOHG GHVFULS
WLRQ RI SDUWORDG RSHUDWLRQ IURP WKH SHUVSHFWLYH RI LQFUHDVHG OLIH
WLPH FRQVXPSWLRQ VHH >@ >@ DQG QRQOLQHDU HIILFLHQF\
GHFUHDVH OHDGLQJ WR KLJKHU RSHUDWLQJ FRVWV DQG VSHFLILF&2 HPLV
 
VLRQV1XPHULFDOH[SHULPHQWVDUHFRQGXFWHGWRSURYLGHDTXDQWLWD





7KHZD\SRZHUSODQWV DUH UHSUHVHQWHG LVKLJKO\GHSHQGHQW RQ WKH
XVHRIWKHPRGHO)RUDZKROHHQHUJ\V\VWHPDQDO\VLVSRZHUJHQHU
DWLQJ XQLWV DUH DJJUHJDWHG E\ W\SH RI IXHO RU WHFKQRORJLHV GXH WR
WKH KLJK DPRXQW RI GDWD DQG WKH UHODWHG FRPSXWDWLRQDO EXUGHQ
7KHSRZHUSODQWLVGHILQHGYLDLWVORDGKRZWKLVORDGFDQYDU\DQG
WKHFRUUHVSRQGLQJFRVWV7KLVYHU\KLJKOHYHOGHVFULSWLRQRIWHQDLPV
DW DQ HFRQRPLFDO RU WHFKQRHFRQRPLFDO V\VWHPSODQQLQJ DQDO\VLV
)URPDFRQWUROSRLQWRIYLHZWKHPRGHODJJUHJDWLRQPLJKWQHHGWR
EH UHGXFHG DQG LQFOXGH VRPH SRZHU SODQW FRPSRQHQWV OLNH WKH
PLOOV RU KHDW H[FKDQJHUV WKXV DOORZLQJ IRU PRUH LQVLJKWV LQ WKH
WHFKQLFDOSURFHVVHVDWWKHSODQW2WKHUDSSURDFKHVDLPDWDQDO\]LQJ
WKH LPSDFWRI IOH[LEOHRSHUDWLRQRQ WKH VWHDPF\FOHRUPDWHULDO DW
FULWLFDO FRPSRQHQWVDQGXVH HJ IOXLGG\QDPLFV IRUYHU\GHWDLOHG






FUHDVHG VSHFLILF HPLVVLRQV DQG UHGXFHG HIILFLHQFLHV DUH SDUW RI WKH




ݐ א π  ,QVWDQWWLPHWLQWKHWLPHUDQJHπ
π௜ א π 7LPH LQWHUYDOπ௜ ൌ ሾݐ௜ǡ ݐ௜ାଵሾZLWK݅ א ሾͲǡ ܰሿ 7KH WLPHUDQJHπLV GLYLGHG LQܰ VOLFHVπ௜ ZKLFK DUH W\SLFDOO\HTXDODQGFRUUHVSRQGWRWKHWLPHVWHSοݐ ൌ ݐ௜ାଵ െ ݐ௜RIWKHHOHFWULFLW\PDUNHW
݇ א ܭ  7UDQVLWLRQ FRXQWHU݇ FKDUDFWHUL]HG E\ WKH LVVXLQJ
 WLPHݐ௞ א π
 6SDFHV
࣢  6SDFHRIIXQFWLRQVπ ื Թ




ܨܲሺݐሻ  )XHO SULFH LQFOXGLQJ&2 HPLVVLRQ FRVWV DW WLPH ݐ LQ ʱ0:KWK෠ܲሺ ෘܲሻ 0D[LPXP UHVS PLQLPXP SRZHU RXWSXW RI SRZHU




௠݂௜௡  )XHOFRQVXPSWLRQDWPLQLPXPORDGLQ0:WKܿ݉଴ 0DLQWHQDQFH FRVWV VWDWLF FRQWLQXRXV FRPSRQHQW GXULQJVWDQGVWLOOLQʱK
ܿ݉௛ 0DLQWHQDQFH FRVWV VWDWLF FRPSRQHQW GXULQJ SODQWDYDLODELOLW\LQʱK
ܿ݉ଵ 0DLQWHQDQFH FRVWV ORDG SURSRUWLRQDO FRPSRQHQW LQʱ0:KHOܿ݁௞  7UDQVLWLRQVSHFLILFPDLQWHQDQFHFRVWVLQʱ
௞݂ 7UDQVLWLRQ VSHFLILF LQWHJUDWHG G\QDPLF IXHO FRQVXPSWLRQLQ0:KWK
 (QGRJHQRXV3DUDPHWHUV
݌ሺݐሻ  ,QVWDQWSRZHUSODQWRXWSXWDWWLPHݐLQ0:HO݂ሺݐሻ ,QVWDQW SRZHU SODQW IXHO FRQVXPSWLRQ DW WLPHݐ LQ
0:WKܿ௠ሺݐሻ  0DLQWHQDQFHFRVWVDVIXQFWLRQRIWLPHݐLQʱKݑሺݐሻ %LQDU\ FRPPLWPHQW YDULDEOH ZKLFK HTXDOV  LI WKH
SRZHU SODQW LV DERYH LWV PLQLPXP WHFKQLFDO ORDG DW
WLPHݐRWKHUZLVH
ߜሺݐ െ ݐ௞ሻ 'LUDFIXQFWLRQZKLFKHTXDOVLIݐ ൌ ݐ௞HOVHݕሺݐሻ /RDG SURSRUWLRQDO FRPSRQHQW RI WKH REMHFWLYH IXQF
WLRQDVIXQFWLRQRIWLPHݐLQʱ0:K









WZR DGGLWLRQDO LQWHUPHGLDU\ WHPSHUDWXUH UDQJHV .QRZLQJ WKH
 
FRROLQJSURFHVVRIWKHVHFULWLFDOFRPSRQHQWVWKHVWDUWXSW\SHVFDQ
DOVR EH GLVWLQJXLVKHGZLWK WKHGXUDWLRQ IRUZKLFK WKH FRPSRQHQWV
KDYH EHHQ FRROLQJ GRZQ 7HPSHUDWXUHV DQG FRROLQJ GXUDWLRQV DUH
UHYLHZHG LQ >@ DV WKHVH GHSHQG RQ WKH SODQW FKDUDFWHULVWLFV
6WDUWXSV DUH KHUH GHILQHG DV UDQJLQJ IURP WKH ILUVW VWDUWXS IXHO
LJQLWLRQWRZDUGWKH ORDGUHDFKLQJ LWVPLQLPXPOHYHO6WDUWXS IXHO
RU EDFNXS IXHO RU LJQLWLRQ IXHO LV D VXSSOHPHQWDO ILULQJ RI RLO RU
JDVWRVWDELOL]HWKHIODPHLQDFRDOILUHGERLOHU7KHLJQLWLRQIXHOLV





GLVWLQJXLVKHG DORQJ WKH UDPS VSHHG DQG PDLQWHQDQFH FRVWV 7KH
SRZHU SODQW PRGHO LQWURGXFHG LQ WKLV ZRUN GLVWLQJXLVKHV EHWZHHQ
WKH UDPSUDWHV DIWHU HDFK VWDUWXS W\SH EHIRUH VKXWGRZQ DQG WKH



























DQRQOLQHDU UHODWLRQVKLSZKLFK LV RIWHQ DSSUR[LPDWHGE\ DTXDG




 LJQRUH WKH HIILFLHQF\ GHFUHDVH DW SDUWORDG 7R RYHUFRPH WKLV
FDYHDW EXW ZLWK UHJDUG WR WKH SUREOHP WUDFWDELOLW\ WKH IXHO
FRQVXPSWLRQDWVWHDG\VWDWHRQFHWKHSODQWLVV\QFKURQL]HGWRWKH
JULG FDQ EH ZULWWHQ DSSUR[LPDWHO\ E\ D OLQHDU ORDG GHSHQGHQW
HTXDWLRQ7KHWKHUPDOIXHOFRQVXPSWLRQYDULHVEHWZHHQWKHVWULFWO\
SRVLWLYHIXHOFRQVXPSWLRQDWLGOHDQGLWVIXOOORDGYDOXH7KLVUHOD
WLRQVKLS GHVFULEHV D VWHDG\ VWDWHSLFWXUHG LQ)LJXUH 7KHPRGHO
SURSRVHG LQ WKLV ZRUN H[SOLFLWO\ DFFRXQWV IRU WKH IXHO IXQFWLRQ LQ
WKH SUREOHP IRUPXODWLRQ ,Q DGGLWLRQ WR WKH HIILFLHQF\ HYROXWLRQ
ZLWK ORDG WKLV IXUWKHU DOORZV DFFRXQWLQJ IRU WKH IXHO SULFH YDULD
WLRQVSDUWLFXODUO\UHOHYDQWZKHQSHUIRUPLQJORQJWHUPDVVHVVPHQWV




GRZQ SKDVH WKDQNV WR WKH VWRUHG KHDW ZLOO EH DSSUR[LPDWHO\
FRPSHQVDWHG E\ WKH IXHO UHTXLUHG WR UDPSXS WKH SODQW 7KH IXHO
PRGHOUHVXPHVWRWKHIROORZLQJHTXDWLRQ
݂ሺ݌ሺݐሻǡ ݐሻ ൌ ෍ ௞݂ ȉ ߜሺݐ െ ݐ௞ሻ
௞א௄
൅ ଴݂ ൅ ݌ሺݐሻ ȉ
ͳ
ܲ ȉ ሺ ଵ݂ െ ଴݂ሻ ׊ ݌ሺݐሻǡ ݐ 
 *UHHQKRXVHJDVHPLVVLRQFRVWVDQGOLPLWDWLRQV
7R UHGXFH JUHHQKRXVH JDV HPLVVLRQV VRPH FRXQWULHV SULFH RU FDS
WKHP3ULFLQJPHFKDQLVPV DUH GLVWLQJXLVKHG EHWZHHQ FDUERQ WD[HV
DQG FDSSLQJ DQG WUDGLQJ V\VWHPV7KH VHFRQGPHFKDQLVPKDV WKH
DGYDQWDJHRIUHTXLULQJWKHGHILQLWLRQRIDFDUERQEXGJHWDQGWKXV
WRGULYHWKHSULFHVRQDGHPDQGDQGVXSSO\EDVLV7KHH[DPSOHRI




QRPLFV RI SRZHU SODQWV ,Q D(XURSHDQ FRQWH[W WKH(XURSHDQ DO
ORZDQFHV\VWHP(8(76IRU&2SULFLQJKDVWREHWDNHQLQWRDF
 
FRXQW LQ WKH FDOFXODWLRQ RI PDUJLQDO RSHUDWLRQ FRVWV HYHQ LI WKH
FXUUHQWSULFH OHYHORIWKH(8(76LVVKDOORZ2WKHUHPLVVLRQV OLNH
62 DQG12[ DVZHOO DV SDUWLFXODWHV DUH HLWKHU SULFHG RU DW OHDVWUHJXODWHG7KHUHOHYDQW(XURSHDQSROLFLHVDUHWKHLQWHJUDWHGSROOX
WLRQ SUHYHQWLRQ DQG FRQWURO GLUHFWLYH ,33& WKH 1DWLRQDO (PLV
VLRQV &HLOLQJ 'LUHFWLYH 1(&' (& DQG /DUJH &RPEXV
WLRQ 3ODQWV 'LUHFWLYH /&3' 7KLV WRSLF LV PRUH VLJQLILFDQW DW
SDUWORDG DQG PLQLPXP ORDG RSHUDWLRQ VLQFH WKH HIILFLHQF\ LV
GHFUHDVHG WKHUH DUH PRUH VSHFLILF JUHHQKRXVH JDV HPLVVLRQV )XU
WKHUPRUHWKHGHFUHDVHGRSHUDWLQJWHPSHUDWXUHVDUHSUREOHPDWLFIRU
FDWDO\WLF GHYLFHV IRU WKH FDSWXUH RI12[7KXV WKH SUHVHQWHG IXHO
PRGHO GRHV QRW RQO\ DOORZ NHHSLQJ WUDFN RI WKH IXHO FRQVXPSWLRQ
EXWDOVRRIWKHHPLVVLRQVYLDWKHXVHRIHPLVVLRQIDFWRUV$WWHQWLRQ
PXVWEHSDLGWRWKH IDFW WKDW IOH[LEOHRSHUDWLRQUHTXLUHVXVLQJWKH
IXHO VSHFLILF HPLVVLRQ IDFWRU PHDQV LQ PDVV SHU WKHUPDO HQHUJ\




7KH OLIHWLPH RI D FRPSRQHQW LV WKH GXUDWLRQ IRU ZKLFK LW FDQ EH
RSHUDWHG VDIHO\ /LPLWDWLRQ LQ OLIHWLPH DSSOLHV WR FRPSRQHQWV H[
SRVHG WR WHPSHUDWXUHV DERYH p& >@ 7KH FUHHS GDPDJH
PHFKDQLVP RFFXUV GXULQJ VWHDG\VWDWH RSHUDWLRQ DW VWDWLF VWUHVVHV
$GGLWLRQDOO\ WKH PDWHULDO SURSHUWLHV GHFOLQH ZLWK KLJK ZRUNLQJ
WHPSHUDWXUHV VR WKDW RSHUDWLRQ DW D KLJKHU WHPSHUDWXUH KDV D
KLJKHU FUHHS LPSDFW :LWK LQFUHDVLQJ F\FOLF RSHUDWLRQV ORZ F\FOH
IDWLJXH /&) SOD\V D JUHDWHU UROH ,W LV FDXVHG E\ KLJK WKHUPDO
VWUHVVHV LQ WKH FRPSRQHQWV UHVXOWLQJ IURP WHPSHUDWXUH JUDGLHQWV
GXULQJ KHDWLQJ DQG FRROLQJ SKDVHV RI WKLFNZDOOHG FRPSRQHQWV
%RWK RI WKHVHPHFKDQLVPV LQIOXHQFH WKHPDLQWHQDQFH FRVWV RI WKH
SRZHU SODQW ZLWK DQ LQFUHDVLQJ VKDUH RI /&) 7KH PDLQWHQDQFH
FRVWVQHHGWREHEURNHQGRZQLQWRGLIIHUHQWFDWHJRULHVPDLQWHQDQFH
FRVWV ZKLFK FRQWLQXRXVO\ DGG XS GXULQJ WKH FRXUVH RI WKH \HDU
VWDWLF FRQWLQXRXV FRPSRQHQW PDLQWHQDQFH FRVWV ZKLFK DGG XS
GHSHQGLQJ RQ WKH RSHUDWHG ORDG ORDG SURSRUWLRQDO DQG VWDWLF
FRPSRQHQWDQGWUDQVLWLRQEDVHGPDLQWHQDQFHFRVWVZKLFKDGGXS
ZKHQHYHU D WUDQVLWLRQ LV H[HFXWHG 7KH FRQWLQXRXV VWDWLF FRPSR
QHQWDGGVXSRYHUWKHZKROHSODQW OLIHWLPH LQGHSHQGHQWRI LWVRS
HUDWLRQDQGFRPSULVHVDJLQJRIFRPSRQHQWVVXFKDVFUHHSFRQVXP
DEOHV OLNHDPPRQLXP IRU IOXHJDV WUHDWPHQWDVZHOO DV FUHZFRVWV
,Q WKH RSHUDWLRQ UHJLPH DERYH PLQLPXP WHFKQLFDO ORDG D ORDG
SURSRUWLRQDO SDUW FRPSULVHV DJLQJ RI FRPSRQHQWV VXFK DV FUHHS
GDPDJHGXHWRSUHVVXUHRUFHQWULIXJDOIRUFHV7KHVWDWLFFRPSRQHQW
 
LV LQFUHDVHG GXH WR KLJKHU FUHZ DQG FRQVXPDEOHV FRVWV 7KH
PDLQWHQDQFHFRVWVDUHLOOXVWUDWHGLQ)LJXUH'XULQJWUDQVLWLRQVD
VSHFLILF G\QDPLF PDLQWHQDQFH FRVW FRPSRQHQWܿ௞ LV DGGHG ,Q WKHVWXG\ >@ 1RUWK$PHULFDQ SRZHU SODQWV KDYH EHHQ DQDO\]HG WR
GHWHUPLQHWKHHIIHFWRIF\FOLQJRQWKHLURSHUDWLRQDQGPDLQWHQDQFH
FRVWV2QHHIIHFWZKLFKKDVEHHQ IRXQGWKHUHEXW LVQRWDFFRXQWHG
IRU KHUH LV WKHPRGHUDWH HIIHFW RQ KHDW UDWHV VHH SDJH  >@
+RZHYHU LW FDQ HDVLO\EH WDNHQ LQWRDFFRXQWE\ VOLGLQJ WKH OLQHDU
IXHOIXQFWLRQXSZDUGV7KHPDLQWHQDQFHFRVWPRGHOUHVXPHVWRWKH
IROORZLQJHTXDWLRQVDQG7KHSURSRVHG IRUPXODWLRQ UHTXLUHV
WKH GHILQLWLRQ RI WKH IXQFWLRQ IRU NHHSLQJ WUDFN RI WKH SRZHU
SODQWVWDWH
ܿ݉ሺݐሻ ൌ ܿ݉଴ ൅ ܿ݉௛ ȉ ݑሺݐሻ ൅ ܿ݉ଵ ȉ ݌ሺݐሻ ȉ ݑሺݐሻ
൅෍ܿ݁௞ ȉ ߜሺݐ െ ݐ௞ሻ
௞
 
ݑ ׷ ߗ ՜ Թ
ݑሺݐሻ ൌ Ͳ ׊݌ሺݐሻ ൏ ܲ



















7KH VHOIVFKHGXOLQJ SUREOHP IRUPXODWLRQ LV D FRPELQDWLRQ RI DQ
REMHFWLYH IXQFWLRQ DQG WKH SUREOHP FRQVWUDLQWV 7KH SRZHU SODQW





RSHUDWRUʑV SURILW IXQFWLRQZKLFK LQWHJUDWHV WKHGLIIHUHQFHEHWZHHQ
WKH VROGHOHFWULFLW\DQGWKHRSHUDWLRQDQGPDLQWHQDQFHFRVWVDV LQ
HTXDWLRQ7KHSDUDPHWHUܧܲ א ࣢LVWKHHOHFWULFLW\SULFHܨܲ א ࣢
LVWKHIXHOFRVWWKHYDULDEOH݌ א ࣢௣LVWKHHOHFWULFDOSRZHU݂ א ࣢௙LVWKHIXHOUHTXLUHPHQWDQGܿ௠ א ࣢௖೘LVWKHPDLQWHQDQFHFRVWIXQFWLRQ7KH RSWLPL]DWLRQ KDV WR ILQG WKH RSWLPXP E\ D YDULDWLRQ RI WKH
IXQFWLRQV݌݂ DQG ܿ௠ VSDQQHG E\ WKH FRPELQHG IXQFWLRQDOVSDFH࣢௣۪࣢௙۪࣢௖೘ ZKLOH WKH HOHFWULFLW\ SULFH DQG WKH IXHO FRVWVDUH GHWHUPLQHG H[RJHQRXVO\ E\ WKHPDUNHW 7KHPDLQ DVVXPSWLRQ
IRU SUREOHP WUDFWDELOLW\ LV WR UHGXFH WKH VROXWLRQ VSDFH IURP WKH
IXQFWLRQDO VSDFH࣢௣۪࣢௙۪࣢௖೘WR WKH VSDFH࣢௣ YLD WKH DVVXPSWLRQWKDWWKHIXHODQGPDLQWHQDQFHIXQFWLRQVDUHWLPHLQGHSHQGHQWIXQF
WLRQV RI WKH SRZHU SURGXFWLRQ݌ 8VLQJ WKH IXHO DQG PDLQWHQDQFH
IXQFWLRQVLQWURGXFHGSUHYLRXVO\WKHXQLWFRPPLWPHQWSUREOHPKDV
WKHSURILWPD[LPL]LQJREMHFWLYHIXQFWLRQRIHTXDWLRQ
݉ܽݔ࣢೛۪࣢೑۪࣢೎೘ නሾܧܲሺݐሻ ȉ ݌ሺݐሻ െ ܨܲሺݐሻ ȉ ݂ሺݐሻ െ ܿ௠ሺݐሻሿ݀ݐఆ
 
݉ܽݔ࣢೛ න ቎൫ݕሺݐሻെܿ݉ଵ ȉ ݑሺݐሻ൯ ȉ ݌ሺݐሻ ൅ ݕ଴ െ ܿ݉௛ ȉ ݑሺݐሻ െ෍ ௞݂ሺݐሻ ȉ ߜሺݐ െ ݐ௞ሻ௞א௅ఆ





ݕ ׷ ߗ ՜ Թ 
ݕሺݐሻ ൌ ܧܲሺݐሻ െ ሺ ଵ݂ െ ଴݂ሻ ȉ
ͳ





WKH VHOIVFKHGXOLQJSUREOHP UHIHUUHG WRDV7LPH'LVFUHWH1/ LQ WKH
IROORZLQJ LV WKH FRPELQDWLRQRI WKH WLPHGLVFUHWHYHUVLRQRI HTXD
WLRQVDQGLQWKHFKRVHQWLPHSDUWLWLRQπ ൌ ڂ π௜ேିଵ௜ୀ଴ DQGWKH SUREOHP FRQVWUDLQWV 7KH SUREOHP FRQVWUDLQWV DUH OLPLWHG WR
SRZHUSODQWFRQVWUDLQWVDVLQRXUFDVHWKHQHWZRUNLVQRWWDNHQLQ
WR DFFRXQW DQG WKDW WKH SRZHU SODQW RSHUDWLRQ LV PDUNHW GULYHQ
DQGQRWGHPDQGGULYHQ7KHFRQWUROODEOHSRZHUSODQWFRQVWUDLQWV
IRXQGLQPRVWSUREOHPIRUPXODWLRQVFRQVWUDLQWKHSODQWORDGZLWKLQ
LWVPLQLPXPDQGPD[LPXPERXQGV OLPLWWKHSODQW ORDG IURPRQH
WLPH VWHS WR WKHQH[WYLD WKHSODQW UDPSUDWHV SUHYHQW WKHSODQW
IURPVWDUWLQJRUVKXWWLQJGRZQLIPLQLPXPXSDQGGRZQGXUDWLRQV
DUH QRW UHDFKHG DQG OLQN WKH VWDUWXS W\SH WR WKH WLPH WKH SRZHU
SODQW FULWLFDO FRPSRQHQWV KDYH EHHQ FRROLQJ GRZQ 7KH IRFXV RI
WKLVZRUN LVQRWRQ WKH FRQVWUDLQWV IRUPXODWLRQ VR WKDW WKH HTXD
WLRQVDQGGHYHORSHGLQWKHPRGHO
RI >@ DUH XVHG 7KLV IRUPXODWLRQ KDV EHHQ FKRVHQ GXH WR LWV
WLJKWQHVV DFFXUDWH GLIIHUHQWLDWLRQ EHWZHHQ SRZHU DQG HQHUJ\ DQG
SRVVLELOLW\ WR LQWHJUDWH DVPDQ\ WUDQVLWLRQV DV UHTXLUHG7KH VDPH
YDULDEOH GHQRPLQDWLRQ KDV EHHQ NHSW IRU HDVH RI XVH +RZHYHU LW
VKRXOGEHQRWHGWKDWWKHSRZHURXWSXW݌WKHUHGHVLJQDWHVWKHSRZ
HU DERYH WKH PLQLPXP WHFKQLFDO ORDG $ GLIIHUHQW WLPH SDUWLWLRQ
FDQ HDVLO\ EH LQWURGXFHG7KH0,/3SUREOHPGHILQHG LQ >@ZLOO










ݕ଴ ׷ ߗ ՜ Թ 









7KH SDUDPHWHUV RI WKH SURSRVHG WHVW FDVHV DUH DVVLJQHG YDOXHV
ZKLFK FDQ EH IRXQG LQ 7DEOH  WR 7DEOH  7KH YDOXHV IRU WKH
7LPH'LVFUHWH/SRZHUSODQWDUHFKRVHQWRGHSLFWWKHVDPHWHFKQLFDO


























଴݂>0:WK@ ߟ௕>@ ܲ>0:HO@ ܲ >0:HO@ ܷܶȀܶܦ >K@ ܴܷȀܴܦ>0:HOK@




6WDUWXSW\SH     
ௗ݂௬௡ǡௌ௎>0:KWK@     







7KH SDUDPHWHU FKDQJHG WR DFFRXQW IRU WKH IOH[LELOLW\ SDUDPHWHUV
SUHVHQWHG LQ VHFWLRQDUH WREH IRXQG LQ7DEOH7KH IXHO FRQ
VXPSWLRQ ଴݂ DW LGOH DFFRXQWV IRU WKH HIILFLHQF\ GURS DW SDUWORDG7KHFKRVHQYDOXHLQGLFDWHVWKDWDWPLQLPXPORDGWKHSRZHUSODQW
HIILFLHQF\ LV  LQVWHDG RI  DW IXOO ORDG 7KH LQFUHDVHG DJLQJ







ܨܲ>ʱ0:KWK@ ܿ݉଴ >ʱK@ ܿ݉ଵ >ʱ0:KHO@ ଴݂>0:WK@
'URSIURPWRʱ0:KDWWKHWKKRXU   
 6LPXODWLRQSDUDPHWHUV
7KH0,/3 WHVWV KDYH EHHQ FDUULHG RXW XVLQJ0DWODE5E DQG
&3/(;7KH0,3SUREOHPVDUHVROYHGWRͳͲି଺RIUHODWLYHRS









HIIHFWRQWKHUHVXOWLQJRSWLPDOGLVSDWFK LV WREH IRXQG LQ7DEOH
7KH7LPH'LVFUHWH1/ FDVH LPSOHPHQWV WKH SRZHU SODQWPRGHO GH
VFULEHG LQVHFWLRQ ,W LVFRPSDUHGWRDUHIHUHQFHFDVHZKLFK LV
WKH7LPH'LVFUHWH/FDVHZLWKWKHUHIHUHQFHSRZHUSODQWGHVFULSWLRQ
(DFKUHVXOWVKRZVWKHFKDQJHLQSURILWGXHWRWKHFRPELQHGPRGLIL




ZLWKRXW WKHVH SDUDPHWHUV 7KH YDOXHV UHVXOWLQJ IURP WKLV DQDO\VLV
TXDQWLWDWLYHO\HYDOXDWHWKHLPSRUWDQFHRIWKHJHQHUDWRUGHVFULSWLRQ
DQGDOORZ WR FRQFOXGH WKDW LW LQIOXHQFHV WKH RSHUDWLRQDO IOH[LELOLW\
YDOXDWLRQ $OO WKH DVSHFWV LQWURGXFHG LQ WKH SRZHU SODQW PRGHO




IXUWKHU GHSLFWHG LQ )LJXUH  7KH ILJXUHV VKRZ WKH SURILW UHDFKHG

























































7KH LPSRUWDQFH RI WKH SRZHU SODQW GHVFULSWLRQ ZKHQ SHUIRUPLQJ
WKHORQJWHUPKLJKUHVROXWLRQWHFKQRHFRQRPLFDVVHVVPHQWRIRSHUD
WLRQDO IOH[LELOLW\ KDV EHHQGHPRQVWUDWHG DQG TXDQWLILHG7KHPRVW
FULWLFDO DVSHFWV IRU IOH[LEOH SRZHU SODQW RSHUDWLRQ KDYH EHHQ





WLPL]DWLRQ SUREOHP IRUPXODWLRQ RQ WKH UHVXOWV 7KH UHYLHZ RI WKH
DSSURDFKHVWRWKHXQLWFRPPLWPHQWSUREOHPLQWKH ILUVWSDUWVHF
WLRQKDVVKRZQWKDWWKHWLPHGLVFUHWL]DWLRQUHSUHVHQWVDSURE
OHP DSSUR[LPDWLRQ 7KH LPSDFW RI WKLV DSSUR[LPDWLRQ LV UHGXFHG
ZKHQ XVLQJ D KLJKUHVROXWLRQ GLVFUHWL]DWLRQ ZKLFK KRZHYHU LQ
FUHDVHVWKHQXPEHURISUREOHPYDULDEOHVDGUDZEDFNHVSHFLDOO\IRU






 7KHRU\ 1RPHQFODWXUH 3RZHUSODQWGLVSDWFKPRGHO (YHQWVSDFHRSWLPL]DWLRQ (YHQWVSDFHRSWLPL]DWLRQYHUVXVG\QDPLFSURJUDPPLQJDQGWLPHGDXWRPDWD
 0RGHOYDOLGDWLRQDQGYDOXDWLRQ 6HOHFWHG0,3IRUPXODWLRQRIWKHVHOIVFKHGXOLQJSUREOHP &RUUHVSRQGLQJVWDWHPDFKLQHIRUWKHHYHQWDSSURDFK 3DUDPHWHUYDOXHV 0RGHOYDOLGDWLRQ &RPSXWDWLRQWLPH









WKRU RI >@ KRZHYHU QRWHV WKDW 'LVFUHWH HYHQWV G\QDPLF V\VWHP
'('6PLJKW EH D YDOLG DSSURDFK WR VROYLQJ WKHVH SUREOHPV DV
WKH WLPH VFDOH RI WKH GLVFUHWH FRPPLWPHQW GHFLVLRQV LV GHFRXSOHG
IURP WKH RSHUDWLRQDO WLPHVFDOH ,W LV LQWHUHVWLQJ WR QRWH WKDW XQLW
FRPPLWPHQWDQGHFRQRPLFGLVSDWFKDUHDOVRGHILQHGDVWZRGLVWLQFW
SUREOHPV ,Q WKH'('6WKHRU\ WUDMHFWRULHVDUHHYHQWGULYHQ >@
7KH DXWRPDWD WKHRU\ZKLFKEHORQJV WR WKH'('6 WKHRU\ GHILQHV
ILQLWHVWDWHPDFKLQHVZKLFKLQVSLUHGWKHDSSURDFKSUHVHQWHGLQWKH
IROORZLQJ 7KH HYHQWEDVHG RSWLPL]DWLRQ WHFKQLTXH SURSRVHG KHUH
VROYHV WKHPHUFKDQW SRZHU SODQWʑV VHOIVFKHGXOLQJ SUREOHP IURPD
SULFHWDNHUSHUVSHFWLYH7KUHH IHDWXUHV DUH FRPELQHG WKH ILUVW RQH
LV D JHQHUDWLQJ XQLW HYROXWLRQPRGHO LQ WKH IRUP RI D ILQLWH VWDWH
PDFKLQHVRSKLVWLFDWHGHQRXJKWRLQFOXGHWKHUPRHFRQRPLFDOFKDQJ
HVLQLWLDWHGE\IOH[LELOLW\LPSURYHPHQWVEXWDOVRHIILFLHQWHQRXJKWR
GHWHUPLQH WKH DFWXDO YDOXHV RI SRZHU SODQW LQWHUQDO SDUDPHWHUV
 
6HFRQGO\DPLQLPL]HGRSWLPL]DWLRQVSDFHLVDFKLHYHGE\WKHLQWUR
GXFWLRQ RI D VRUWHG OLVW RI HYHQWV D IXQGDPHQWDO QRWLRQ WR DYRLG
WKH XVH RI D XQLIRUP WLPH GLVFUHWL]DWLRQ 0RUHRYHU D KHXULVWLF




ݐ א π  ,QVWDQWWLPHWLQWKHWLPHUDQJHπ
π௜ א π 7LPH LQWHUYDOπ௜ ൌ ሾݐ௜ǡ ݐ௜ାଵሾ ZLWK݅ א ሾͲǡ ܰሿ 7KH WLPHUDQJHπLV GLYLGHG LQܰ VOLFHVπ௜ ZKLFK DUH W\SLFDOO\HTXDODQGFRUUHVSRQGWRWKHWLPHVWHSοݐ ൌ ݐ௜ାଵ െ ݐ௜RIWKHHOHFWULFLW\PDUNHW
ܽǡ ܾ א ॺ 6WDWHVRIWKHJHQHUDWLQJXQLWVSHFLILFVWDWHPDFKLQH
ॺ ൌ ሾͳǡǥ ǡ ݊௦ሿ א Գܽ ՜ ܾ א ॻ 7UDQVLWLRQIURPVWDWHܽWRVWDWHܾLQWKHVHWॻؿॺ;RI
WUDQVLWLRQV
݁௞ א ࣟ 6LQJOH HYHQWV݁௞ ൌ ሺݐ௞ǡ ܽ ՜ ܾǡ ݖ௞ሻZLWK WKH HYHQW FRXQWHU݇ FKDUDFWHUL]HG E\ WKH LVVXLQJ WLPHݐ௞ א π  WKHWUDQVLWLRQܽ ՜ ܾDQGDFRQWUROSDUDPHWHUݖ௞ࣟ  (YHQWVSDFHπ۪ॻ۪ԹRISRVVLEOHHYHQWV
ܧ א ࣟ௄ 6RUWHG OLVW ሺ݁ଵǡ ǥ ǡ ݁௄ሻ RIܭ߳Գ HYHQWV ZLWK VWULFWO\ LQFUHDVLQJ LVVXH WLPHVݐ௞ ൅ ௞ܶ ൑ ݐ௞ାଵ׊݇ ൏ ܭ DQG ௞ܶ DVWKHGXUDWLRQRIWKHWUDQVLWLRQLVVXHGE\݁௞
 ([RJHQRXV3DUDPHWHUV
࢟ א Թ௠೤ ([RJHQRXV SDUDPHWHUV ZLWK D GLPHQVLRQDOLW\݉௬ ([DPSOHV DUH WKH HOHFWULFLW\ SULFH WKH IXHO SULFH DQG
DPELHQWDLUWHPSHUDWXUH
ܧܲሺݐሻ  (OHFWULFLW\SULFHDWWLPHݐLQʱ0:K
ܨܲሺݐሻ )XHO SULFH LQFOXGLQJ&2 HPLVVLRQ FRVWV DW WLPH ݐ LQʱ0:KWK෠ܲሺ ෘܲሻ 0D[LPXP UHVS PLQLPXP SRZHU RXWSXW RI SRZHU
SODQWLQ0:HOܴܷሺܴܦሻ 5DPSXS UHVS UDPSGRZQ UDWH RI SRZHU SODQW LQ
0:HOK
 (QGRJHQRXV3DUDPHWHUV
࢞ א Թ࢓࢞ 7KHSDUDPHWHUVRIWKHSRZHUSODQWZLWKDGLPHQVLRQ
DOLW\݉௫ ([DPSOHV DUH SRZHU IXHO FRQVXPSWLRQ DQGURWRUWHPSHUDWXUHV
 
࢙࢞ א Թ࢓࢙ 7KHSDUDPHWHUVRIWKHSRZHUSODQWZLWKDGLPHQVLRQDOLW\݉௦UHODWLYHWRVWDWHݏ݌ሺݐሻ  ,QVWDQWSRZHUSODQWRXWSXWDWWLPHݐLQ0:HO݌ א ሾͲǡ ෠ܲሿ





FDVHV FORVHGORRS FRQWUROV UHDFW FRQWLQXRXVO\ WR VXFK GLVFUHWH
FKDQJHV >@7KH LGHD GHYHORSHG LQ WKLV VHFWLRQ LV VLPLODU WR WKH
DSSURDFKLQ>@ZKLFKGHILQHVDWUDMHFWRU\LQRXUFDVHWKHSRZHU





ݔሶ ൌࡳሺ࢞ǡ ࢟ǡ ݐሻ 
ZKLFK GHILQHV WKH HYROXWLRQ RI WKH SRZHU SODQW YDULDEOHV ࢞ א Թ௠
HJWXUELQHORDGRUURWRUWHPSHUDWXUHDVDIXQFWLRQRISODQWYDU
LDEOHV࢞DQGRIH[RJHQRXVSDUDPHWHUV࢟VXFKDVDLUWHPSHUDWXUHRU
HOHFWULFLW\ SULFHV YLD D JHQHUDWLQJ XQLW VSHFLILF IXQFWLRQܩ $Q
HYHQW LV LQLWLDWHG ZKHQ DQ LQWHQGHG FRQWURO RU XQLQWHQGHG LQSXW
FKDQJHVYDOXHZKLFKPD\EHUHJDUGHGDVIXUWKHUH[RJHQRXVSDUDP
HWHUV(YHQWVDUHGHILQHGLQ>@DVDWLPHLQVWDQFHLQWKHFRQWLQX
RXV WLPHGRPDLQDVVRFLDWHG WR FRQWLQXRXVSUREOHPYDULDEOHV7KH
JHQHUDWLQJXQLWIXQFWLRQIRUWHFKQRHFRQRPLFDOFDOFXODWLRQVPD\EH
VLPSOLILHGE\ LQWURGXFLQJ WKH IRUPDOLVPRI D VWDWHPDFKLQHZKLFK
FRQQHFWV VWDWHVܽ DQGܾE\ LQWHQGHG WUDQVLWLRQV VXFKDVܽ ՜ ܾ7KH
HYROXWLRQRI WKH VWDWH VSHFLILF LQWHUQDOSDUDPHWHUV LVGHILQHGE\D
VWDWHVSHFLILFHYROXWLRQRSHUDWRUZLWKDVLPLODUIRUPWR:LWKD
VWDWHPDFKLQHWKHJHQHUDWRUVWDWXVLVGHILQHGE\WKHVWDWXVLGHQWL
ILFDWLRQ ݏ DQG WKH YDOXH RI WKH VWDWXV VSHFLILF LQWHUQDO SDUDPH








FKLQH$QLQWHQGHGHYHQW݁௞ ൌ ሺݐ௞ǡ ܽ ՜ ܾǡ ݖ௞ሻ LVFKDUDFWHUL]HGE\WKHWLPHݐ௞ LW LV LVVXHG WKH VWDUW VWDWHܽ DQG WKH WDUJHW VWDWHܾ DQGVRPH FRQWURO SDUDPHWHUݖ௞ 7KH HYROXWLRQ RI WKH LQWHUQDO SDUDPHWHUV࢞GXULQJWKHWUDQVLWLRQ݈ ൌ ܽ ՜ ܾGHSHQGVRQWKHHYHQWSDUDPH
WHUVDVZHOODVWKHLQLWLDOYDOXH࢞௞ ൌ ࢞ሺݐ௞ሻ$QH[DPSOHLVWKHLQWHUQDO SDUDPHWHU ʔURWRU WHPSHUDWXUHʕ ZKLFK YDOXH DW WKH LVVXH WLPH
ሺݐ௞ሻGHILQHVWKHUHVXOWLQJUDPSUDWHVRIDFROGZDUPRUKRWVWDUW7KH HYROXWLRQ RI WKH JHQHUDWRU LWV GLVSDWFK LV HQWLUHO\ GHVFULEHG
E\ WKH VWDWH PDFKLQH DQG WKH WLPH RUGHUHG OLVW RI LQWHQGHG
HYHQWVܧ ൌ ሺ݁ଵǡ ǥ ǡ ݁௄ሻ א ࣟ௄ DV WKH JHQHUDWRU VSHFLILF VWDWHPDFKLQHGHILQHV VWDWHV DQG WUDQVLWLRQV GHVFULEHG E\ WKH VWDWH HYROXWLRQ
IXQFWLRQVܩ௦ሺ࢞ǡ ࢟ǡ ݐሻ DQG WKH WUDQVLWLRQV HYROXWLRQWLRQVܩ௘ೖሺ࢞ǡ ࢟ǡ ݐሻ ,I LQ DGGLWLRQ WKH ERXQGDU\ FRQGLWLRQV RI WKHJHQHUDWRUDUHGHILQHGDVZHOOWKHQDOOYDOXHVRIWKHLQWHUQDOSDUDP
HWHUV࢞DUHNQRZQIRUWKHWLPHLQWHUYDOπ7KHERXQGDU\FRQGLWLRQV
RIDVWDWHPDFKLQHFRQWDLQWKHVWDWHDQGWKHYDOXHRIWKHVWDWHVSH
FLILF LQWHUQDOSDUDPHWHUVDWWLPHݐ଴$ OLVWRI LQWHQGHGHYHQWV LV ILQLWH DV HDFK WUDQVLWLRQ KDV D QRQ]HUR ILQLWH GXUDWLRQ WLPH ௞ܶ GHWHUPLQHG E\ WKH HYHQW ZKRVH VXP RYHU DOO HYHQWV LV ERXQGHG E\
WKHWLPHLQWHUYDOπ





ܩ௥՜௥ሺ࢞ǡ ࢟ǡ ݐሻ ܩ௥ሺ࢞ǡ ࢟ǡ ݐሻ
ܩ௥ሺ࢞ǡ ࢟ǡ ݐሻ࢞
ݐݐ௞ ݐ௞ ൅ ௞ܶ






ܩ௥՜௔ሺ࢞ǡ ࢟ǡ ݐሻ ܩ௔ሺ࢞ǡ ࢟ǡ ݐሻ
7UDQVLWLRQܽ ՜ ݎ
ܩ௔՜௥ ࢞ǡ ࢟ǡ ݐ
7UDQVLWLRQݎ ՜ ݎ
ܩ௥՜௥ ࢞ǡ ࢟ǡ ݐ
7UDQVLWLRQ ݎ ՜ ܽ
ܩ௥՜௔ ࢞ǡ ࢟ǡ ݐ
6WDWHܽ
࢞ሶ ൌ ܩ௔ ࢞ǡ ܡǡ ݐ 6WDWHݎ









DYDLODEOH WKH SODQWPLJKW VWDUWXS DW DQ\ WLPH7KH VWDUWXS GH
SHQGV RQ WKH WLPH HODSVHG VLQFH WKH ODVW VKXWGRZQ ,W LV FRQYHQ
WLRQDO WR GLIIHUHQWLDWH EHWZHHQ WKUHH WR ILYH VWDUWXS W\SHV LQ GH
SHQGHQFHRIWKHWLPHWKHURWRUKDVEHHQFRROLQJGRZQ&ROGZDUP






$Q\ RSWLPL]DWLRQ RI WKH SUREOHPʑV REMHFWLYH IXQFWLRQ UHTXLUHV XS
GDWLQJWKHGLVSDWFKRI WKHJHQHUDWRU7\SLFDOKHXULVWLFV VWDUWIURP




OXWLRQ RI WKH JHQHUDWRU LV NQRZQ IURP WKH WLPH RUGHUHG HYHQW











TXHQFH L GHILQH DQ HYHQW OLVW LL GHGXFH WKH SRZHU IXHO XVDJH
DQG WKHPDLQWHQDQFH FRVW DV D IXQFWLRQ RI WLPH LLL LQWHJUDWH WKH
YDOXHV 7KH HYHQW OLVW LV PRGLILHG DQG WKH VHTXHQFH UXQV DJDLQ
7KHHYHQWOLVWZLWKEHWWHUREMHFWLYHIXQFWLRQYDOXHLVNHSWWKHRWK
HU RQHV UHMHFWHG7KLV SURFHVV LV LOOXVWUDWHG LQ)LJXUH  DQG H[SOL
FDWHGLQWKHIROORZLQJ
 0HULWRUGHUUDQNLQJIRULQLWLDOHYHQWOLVWJXHVV
7KHPDUJLQDO FRVW RI WKH SRZHU SODQW PD\ EH XVHG WR UHWULHYH D
ILUVWHYHQWOLVW7KHDOJRULWKPVWDUWVZLWKWKHGHWHUPLQDWLRQRIWKH
RSHUDWLRQ DQG DYDLODELOLW\ VWDWHV ZKLFK UHVSHFWLYHO\ FRUUHVSRQG WR





WKH HOHFWULFLW\ SULFH FURVVHV WKH PDUJLQDO FRVWV /HW݇ EH WKH ODVW
DGGHG HYHQW ,I WKH HOHFWULFLW\ SULFH FURVVHV GRZQZDUGV DW WLPHݐ
WKHQDVKXWGRZQHYHQWLVLQVHUWHGWRWKHHYHQWOLVWDWWLPHݐ,IWKH
SULFHFURVVHVXSZDUGVWKHQWKHWLPHGLIIHUHQFHݐ െ ݐ௞LVXVHGWRGHWHUPLQHWKHWUDQVLWLRQWLPH ௞ܶାଵRIDSRVVLEOHVWDUWXSHQGLQJDWݐ7KHGXUDWLRQݐ െ ݐ௞FRUUHVSRQGVWRWKHFRROLQJGXUDWLRQRIWKHFULWLFDO FRPSRQHQWV DQG WKHUHIRUH GHWHUPLQHV ZKLFK W\SH RI VWDUWXS









WLQXRXV UHODWLRQVKLS %HFDXVH RI WKLV D FRPELQHG RSWLPL]DWLRQ RI
ERWKHYHQWVLVFRQGXFWHG7KHFRQVLGHUHGWLPHLQWHUYDOLVGLYLGHGLQ








7KH HYHQW OLVW RSWLPL]DWLRQ XQGHUOLHV D VHDUFKWUHH ,WV EUDQFKHV
FRUUHVSRQG WR FKDQJHV LQ WKH HYHQW OLVW E\ FRPELQLQJ FUHDWLQJ RU
VXSSUHVVLQJHYHQWV7KHHYHQWPRGLILFDWLRQUXOHVDUHGHILQHGE\WKH
JHQHUDWRU VSHFLILF VWDWH PDFKLQH ,Q WKH FDVH RI WKH JHQHULF VWDWH
PDFKLQH VKRZQ LQ )LJXUH  D VKXWGRZQ DQG VWDUWXS VHTXHQFHV
ݎ ՜ ܽǡ ܽ ՜ ݎPD\ HLWKHU EH UHSODFHG E\ D SDUWORDG ݎ ՜ ݎǡ ݎ ՜ ݎ
RSHUDWLRQ RU WKH HYHQW VHTXHQFHPD\ DOVR EH DQQLKLODWHG$FFRUG




WKHSRZHUSODQW VWDWHVEXW WKHQRGHVRI WKH VHDUFK WUHH7KHSUR
FHVV VWDUWVZLWK WKHGHILQLWLRQRI WKH ILUVW JXHVV LQ WKH IRUPRI DQ
 
HYHQW OLVW ZKLFK FDQ EH IRXQG YLD WKH FOHDQ VSUHDG DSSURDFK GH











DW HDFK LWHUDWLRQ WKH EUDQFKHV ZLWK ORZHVW VROXWLRQ TXDOLW\ DUH
IDWKRPHG WR NHHS WKH ORFDO RSWLPXP LGHQWLILHG DW WKH VDLG VWDJH
7KHWLPHSDUWLWLRQRIWKHDSSURDFKZLWKDFRQWLQXRXVWLPHUHSUH
VHQWDWLRQRYHU WKHRSWLPL]DWLRQKRUL]RQDQGDGLVFUHWH WLPHUHSUH
VHQWDWLRQ DURXQG WKH HYHQW LQLWLDWLRQ WLPHݐ௞ DOVR FRQWULEXWHV WRWKHSKDVH VSDFH UHGXFWLRQ$ IXUWKHUSKDVH VSDFH UHGXFWLRQ OLHV LQ
WKH VWDWHPDFKLQH LWVHOI DV LW FDQ EH GHILQHG WR DOORZ WUDQVLWLRQV
EHWZHHQPLQLPXP ORDG DQG QRPLQDO ORDGZLWKRXW FRQVLGHULQJ WKH
ORDGV LQEHWZHHQ VLPLODUO\ WR >@ 7KLV K\SRWKHVLV ZLOO EH
GLVFXVVHGLQGHWDLOLQVHFWLRQ





D ERXQG WR WKH RSWLPDO YDOXH RI WKH SULPDO SUREOHP DQG WKXV D
PHDVXUHRIWKHVROXWLRQTXDOLW\7KHTXDOLW\RIWKHVROXWLRQRIWKH
HYHQWDSSURDFKFRXOGWKXVEHDVVHVVHGE\FRPSDULVRQWRWKHHTXLY


































































































































































































































































































































































DV ERWK DSSURDFKHV KDYH VLPLODULWLHV '\QDPLF SURJUDPPLQJ GH
FRPSRVHV RSWLPL]DWLRQ SUREOHPV LQWR VXESUREOHPV DQG XVHV D UH
FXUVLYHDSSURDFK WR ILQG WKHSUREOHPVROXWLRQVXVLQJ WKH VROXWLRQV
WR WKH VXESUREOHPV >@ 6HTXHQWLDO GHFLVLRQ SUREOHPV DUH PRG
HOHGXVLQJVWDWHVDQGVWDJHV6WDWHVDUHGHILQHGVRWKDWWKHFRQWUL
EXWLRQWRWKHREMHFWLYHIXQFWLRQDWDJLYHQSHULRGGHSHQGVRQO\RQ
WKHSUHYLRXV VWDWH DQG WKHGHFLVLRQ YDULDEOHV DW WKDWSHULRG >@




WKH DXWKRUʑV NQRZOHGJH WKH VLQJOH XQLW VHOIVFKHGXOLQJ SUREOHP
IURP D SULFHWDNHU SHUVSHFWLYH KDV QRW EHHQ VROYHG XVLQJ G\QDPLF
SURJUDPPLQJ7KHILUVWQRWLFHDEOHGLIIHUHQFHEHWZHHQG\QDPLFSUR
JUDPPLQJDQGWKHHYHQWEDVHGDSSURDFK OLHV LQWKHWLPHUHSUHVHQ





SURJUDPPLQJ VXIIHUV IURP WKH FXUVH RI GLPHQVLRQDOLW\ WKH SKDVH
VSDFH UHGXFWLRQ KHXULVWLF LV FULWLFDO 7KH VWDWH PDFKLQH VHPDQWLF
PLJKWEHXQGHUVWRRGDVDNQRZOHGJHEDVHGDSSURDFKWRUHDFKVXFK




7KHYRFDEXODU\RI WKH HYHQWEDVHGDSSURDFK LVDOVR VLPLODU WR WKH
WLPHGDXWRPDWD WKHRU\SULPDULO\YLD WKHGHILQLWLRQRI ILQLWH VWDWH
PDFKLQHV$XWRPDWDWKHRU\LVGHILQHGLQ>@DVʔWKHVWXG\RIDE
VWUDFWFRPSXWLQJGHYLFHVRU ʔPDFKLQHVʕʕDQGZDV LQLWLDOO\XVHG WR
PRGHOWKHKXPDQEUDLQDQGGHILQHWKHWUDFWDELOLW\RISUREOHPVIRU
FRPSXWLQJPDFKLQHV7XULQJPDFKLQH>@$WLPHGDXWRPDWRQLV
GHILQHGDV D VHW RI LQWHUQDOYDULDEOHV VWDWHV VWDUW VWDWHV H[WHUQDO
DQG LQWHUQDO DFWLRQV GLVFUHWH WUDQVLWLRQV DQG WUDMHFWRULHV >@ ,Q
WKH VWDWH PDFKLQH GHILQHG IRU WKH HYHQWRSWLPL]DWLRQ IUDPHZRUN
WKH FRQWUROOHG GHWHUPLQLVWLF WUDQVLWLRQV OLNH VWDUWXSV DQG VKXW
GRZQVFRUUHVSRQGWRWUDMHFWRULHVLQWKHWLPHGDXWRPDWDIUDPHZRUN
7KH UHYLHZ LQ 3DUW $ VHFWLRQ  KDV VKRZQ WKDW DXWRPDWD IRU
 
XQLW FRPPLWPHQW DQG HFRQRPLF GLVSDWFK UHTXLUHV LQWURGXFLQJ WKH
QRWLRQ RI VWDWHGHSHQGHQW FRVWV SULFHG WLPHG DXWRPDWD DQG DUH





WLRQ GRHV 7R YDOLGDWH WKH DSSURDFK WKH UHVXOWV IRXQG E\ WKH







DV7LPH'LVFUHW/ VHH VXEVHFWLRQ  7KLV IRUPXODWLRQ KDV EHHQ
FKRVHQGXHWRLWVWLJKWQHVVDFFXUDWHGLIIHUHQWLDWLRQEHWZHHQSRZHU
DQG HQHUJ\ DQGSRVVLELOLW\ WR LQWHJUDWH DVPDQ\ WUDQVLWLRQV DV UH




)RUPXODWLQJ WKH VHOIVFKHGXOLQJ SUREOHP IRXQG LQ >@ LQWR WKH
HYHQWEDVHGIRUPDOLVPUHTXLUHVWKHGHILQLWLRQRIDVWDWHPDFKLQH$
SRVVLEOH VWDWH PDFKLQH DSSOLFDEOH WR FRQYHQWLRQDO DQG FRPELQHG
F\FOHSRZHUSODQWVZLWKRXWDQ\FRPELQHGKHDWDQGSRZHULVVKRZQ
LQ)LJXUH7KHRQO\SRZHUSODQWYDULDEOHDFFRXQWHGIRULQWKHVH
OHFWHG0,3DSSURDFK LV WKHSODQW ORDG >@7KHUHIRUH WKHYHFWRU
࢞ UHVXPHV WR WKH SODQW ORDG݌ VR WKDW WKH VWDWHPDFKLQH GLUHFWO\
GHVFULEHVWKHORDGFKDQJHV7KHSRVVLEOHSRZHUSODQWVWDWHVDUHL
DYDLODEOH ZKHUH WKH SODQW ORDG UHPDLQV FRQVWDQW DW ]HUR DQG LL
RSHUDWLQJ ZKHUH WKH SODQW ORDG UHPDLQV FRQVWDQW 7KLV FRQVWDQW
ORDG FDQEH FKDQJHGYLD WKH WUDQVLWLRQݎെ൐ ݎ IRUZKLFK WKH IXQF
WLRQ OLPLWV WKH ORDG FKDQJH E\ WKH PD[LPXP DOORZHG UDPSUDWH
ZKLFK LV WKH VDPH IRU UDPSLQJXS DQGGRZQ7KH RSHUDWLQJ VWDWH
DOVR DOORZV WKH WUDQVLWLRQ WR WKH DYDLODEOH VWDWH YLD D
GHV\QFKURQL]DWLRQ 7KLV VKXWGRZQ ORDG FXUYH LV VXSSRVHG WR EH
NQRZQDQGLQGHSHQGHQWIURPDQ\IXUWKHUSDUDPHWHU,Q>@LWLVD
OLQHDU GHFUHDVLQJ IXQFWLRQ RI WLPH VR WKDW WKLV WUDQVLWLRQʑV ORDG
 
YDULDWLRQ LV RI WKH IRUPݔሶ ൌ ܴܴௌ஽ ZLWKܴܴௌ஽ WKH UDPSUDWHZKHQVKXWWLQJ GRZQ ,W LV DVVXPHG WKDW WKH V\QFKURQL]DWLRQ WUDQVLWLRQV
IURPWKHDYDLODEOHVWDWHWRWKHRSHUDWLQJVWDWHGHSHQGRQVWDWHYDO
XHVQDPHO\ WKH WHPSHUDWXUH UDQJHRI WKH WXUELQH URWRUDQGERLOHU
SUHVVXUHSDUWV$VQRWHPSHUDWXUHYDULDEOHLVGHILQHGLQWKHVHOHFW
HG0,3 DSSURDFK WKLV WHPSHUDWXUH LV WUDQVIRUPHG LQWR D FRROLQJ
GXUDWLRQUDQJHVLQFHODVWVKXWGRZQ6LPLODUO\WR>@ILYHWHPSHU
DWXUH UDQJHV DUH GHILQHG ZLWK WKH FRUUHVSRQGLQJ VWDUWXS ORDG
FXUYHV$VIRUWKHVKXWGRZQWKHVWDUWXSORDGFXUYHVDUHOLQHDULQ







7UDQVLWLRQ ݎ ՜ ܽ
ݔሶ ൌ ܴܴௌ஽
6WDWHܽ










DQ KRXUO\ OLQHDU HYROXWLRQ RI WKH ORDG EHWZHHQͲ0:DQGܲෙ0:
7KH UHPDLQGHU RI WKH SDUDPHWHUV DUH GHVFULEHG LQ 7DEOH  7KH
WHVWHG HOHFWULFLW\ SULFH VLJQDO WDNHQ IURP >@ LV WR EH IRXQG LQ
7DEOH 7KHSDUDPHWHUܥ௅௏LV WKHSURGXFWLRQ FRVW DQGܥே௅LV WKH
QRORDG FRVW ,W PXVW EH QRWHG WKDW WKH KHXULVWLF DSSURDFK GRHV
QRWUHTXLUHWKHDUWLILFLDOGHILQLWLRQRIPLQLPXPXSDQGGRZQWLPHV
ܷܶDQGܶܦ7KHGXUDWLRQRIDQRSHUDWLRQDWIXOOORDGRUWKHRIIOLQH
GXUDWLRQ UHVXOW IURP WKH WHFKQRHFRQRPLF WUDGHRII EHWZHHQ WKH
FRVWV RI EULQJLQJ WKH SODQW RQOLQH DQG RIIOLQH DQG WKH EHQHILW RE













7KH 0,3 WHVWV KDYH EHHQ FDUULHG RXW XVLQJ 0DWODE 5E DQG
&3/(;  7KH 0,3 SUREOHPV DUH VROYHG WR RSWLPDOLW\ 7KH
HYHQW RSWLPL]DWLRQ DOJRULWKP KDV EHHQ SURJUDPPHG LQ & $OO






ܥ௅௏>ʱ0:K@ ܥே௅>ʱK@ ෠ܲ >0:HO@ ෘܲ >0:HO@ ܷܶȀܶܦ>K@ ܴܴ ൌ ܴܷ ൌܴܦ>0:HOK@

















7KH KRXUO\ ORDG OHYHOV UHVXOWLQJ IURP WKH0,/3 RSWLPL]DWLRQ DUH
SORWWHG DORQJZLWK WKH ORDG SURILOH UHVXOWLQJ IURP WKH VHTXHQFH RI
HYHQWV7KHHQHUJ\UHVXOWLQJIURPWKHFKRVHQLQWHJUDWLRQPHWKRGLV
DOVRUHSUHVHQWHG$VYLVLEOHLQ)LJXUHWKHHYHQWDSSURDFKWDNHV
IXOO DGYDQWDJH RI WKH UDPSLQJ DELOLW\ RI WKH SODQW VLQFH LW UDPSV
XQWLO0:LQVWHDGRI UHPDLQLQJDW0:DV LPSRVHGE\WKH











EOH  7KH SUREOHP IRUPXODWLRQ DQDO\]HG LQ VHFWLRQ  LQFOXGHV








0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
40 31 27 25 26 29 35 43 54 68 71 58 50 45 42 41 43 47 51 65 
96 102 66 51 40 31 27 25 26 29 35 43 54 68 71 58 50 45 42 41 
43 47 51 65 96 102 66 51 0 0 0 0 0 0 0 0 0 0 0 0 





























































































































































GXULQJ WKH YDULRXV WHVW FDVH FDOFXODWLRQV 7KH SULFH VLJQDO  KDV
EHHQXVHGWRGHILQHDWHVWFDVHZLWKDWLPHKRUL]RQRID\HDUE\LW
HUDWLQJWKHSULFHVLJQDO,QWKHDYHUDJHWZHQW\UXQVWKHFDOFXOD
WLRQV DUH WKUHH WLPHV IDVWHU ZLWK WKH HYHQWEDVHG DSSURDFK DOJR
ULWKP WKDQ ZLWK WKH0,/3 DSSURDFK VROYHG WR RSWLPDOLW\ ,Q WKH
FDVHRIDQRSWLPDOLW\JDSRIͲǤͲͳWKHFDOFXODWLRQLVWZRDQGKDOI
WLPHVIDVWHURQDYHUDJH7KHHYHQWDSSURDFKLVSUHYHQWLQJWRRODUJH
RSWLPL]DWLRQ VSDFHV E\ XVLQJ SUREOHPVSHFLILF PRGHO GHILQLWLRQV
7KH0,3DSSURDFKVROXWLRQVSDFHLVUHODWHGWRWKHZKROHDPRXQWRI
WLPH VWHSV LQ WKH FRQVLGHUHG WLPH KRUL]RQ ZKHUHDV WKH GHYHORSHG
KHXULVWLF DSSURDFK KDV D UHGXFHG EXW SUREOHP GHSHQGHQW VROXWLRQ
VSDFH 7KH FDVH RI KLJKHU UHVROXWLRQV LV WR EH IXUWKHU FRQVLGHUHG
VXFKDVWKH LQWUDGD\PDUNHW IRUZKLFKWKHSULFHFKDQJHVHYHU\
PLQXWHV8VLQJ WKH VDPHSULFHSURILOHSULFH VLJQDO  EXWZLWK







WKH ILUVW JXHVV HYHQW OLVW ZRXOG KDYH LQFOXGHG DPD[LPXP RI 
VWDUWXSHYHQWV)RUPDUJLQDORSHUDWLRQFRVWVRIʱ0:KUHVS
 ʱ0:K WKHVH ZRXOG KDYH EHHQ PD[LPXP  UHVS 
VWDUWXS HYHQWV 7KH SKDVH VSDFH UHGXFWLRQ FDQ WKHUHIRUH QRW EH
V\VWHPDWLFDOO\DVFHUWDLQHG,WLVLQWHUHVWLQJWRQRWHWKDWDORWPRUH





DIIHFWHG LQ WHUPV RI F\FOLQJ E\ WKH RVFLOODWLRQV DURXQG WKLV PHDQ
YDOXH WKDQ WKH SRZHU SODQWV RSHUDWLQJ DW VLJQLILFDQWO\ ORZHU RU
KLJKHUPDUJLQDORSHUDWLRQFRVWV
 ,PSOHPHQWDWLRQ
7KLV VHFWLRQ GHWDLOV D SRVVLEOH DOJRULWKPLF LPSOHPHQWDWLRQ RI WKH
DSSURDFK GHYHORSHG LQ WKH SUHYLRXV VHFWLRQ WR GHWHFW VWDUWXS
VKXWGRZQ DQG SDUWORDG HYHQWV GHILQHG LQ WKH VWDWH PDFKLQH $Q
 
DOJRULWKPLFPRGLILFDWLRQ RI DQ HYHQW OLVW VWDWH DW HDFK LWHUDWLRQ
VWDJHLVIXUWKHUSURSRVHG
 'HWHFWLRQRIVWDUWXSDQGVKXWGRZQHYHQWV
7KH ILUVW JXHVV HYHQW OLVW FRQWDLQV VWDUWXS DQG VKXWGRZQ HYHQWV
7KHGHWHFWLRQRIWKHVHHYHQWVLVEDVHGRQWKHVSDUNVSUHDGFDOFXOD
WLRQ )RU DQ RIIOLQH SRZHU SODQW UHVSHFWLYHO\ LQ RSHUDWLQJPRGH
ZKHQ WKH PDUJLQDO RSHUDWLRQ FRVWV EHFRPH JUHDWHU UHVSHFWLYHO\
ORZHU WKDQ WKH HOHFWULFLW\ SULFH WKH SODQW VKRXOG VKXW GRZQ UH
VSHFWLYHO\ VWDUWXS:LWK WKH WHFKQRHFRQRPLF SRZHU SODQWPRGHO
LQWURGXFHG LQ WKLV ZRUN WKH FRQGLWLRQ LV WKH FKDQJH LQ VLJQ LQ
HTXDWLRQ 7KH SRVVLEOH VWDUWXS DQG VKXWGRZQ HYHQWV DUH GH
WHUPLQHG DV IROORZV HYHU\ WLPH ݐ௞WKH IXQFWLRQ EHFRPHV VWULFWO\SRVLWLYHDSRVVLEOHVWDUWXSHYHQWLVGHWHFWHGDQGHYHU\WLPHݐ௞WKHIXQFWLRQEHFRPHVHTXDOWRDVKXWGRZQHYHQWLVGHWHFWHG
ሺݕሺݐሻ െ ܿ݉ଵሻ ȉ ܲ ൅ ݕ଴ሺݐሻ െ ܿ݉௛ 
 'HWHFWLRQRISDUWORDGHYHQWV
7KH VWDWH PDFKLQH IXUWKHU GHILQHV SDUWORDG F\FOLQJ DV SRVVLEOH
HYHQWV3DUWORDGRSHUDWLRQLVDQHFRQRPLFDORSWLRQZKHQHOHFWULFL
W\ SULFHV EHFRPH LQIUDPDUJLQDO IRU D GXUDWLRQ DQG D SULFH OHYHO
WKDWPDNHV D VKXWGRZQDQG VWDUWXSPRUH H[SHQVLYH WKDQRSHUDW
LQJ WKHSODQW DWSDUWORDG/LNH VWDUWXSGHFLVLRQV SDUWORDGGHFL
VLRQVDUHGULYHQE\WKHSRZHUSODQWPRGHOSUHVHQWHG LQWKLVZRUN
)LJXUHVKRZVWKHHYROXWLRQRIWKHSURILWIXQFWLRQZLWKDUELWUDU\
GLIIHUHQW HOHFWULFLW\ SULFHV DQG WKXVݕYDOXHV:KHQ WKH FRQGLWLRQ
 LV WUXHSURILW FDQEHPDGH IURPD ORDGGHILQHG LQ HTXDWLRQ
RQ+RZHYHULWLVFOHDUWKDWDODUJHUSURILWFDQEHPDGHE\RSHUDW
LQJWKHSODQWDWIXOOORDGVLQFHWKHPD[LPXPHIILFLHQF\LVUHDFKHG
ሺݕሺݐሻ െ ܿ݉ଵሻ ȉ ܲ ൅ ݕ଴ሺݐሻ െ ܿ݉௛ ൐ Ͳ  
݌௠ ൌ െ
ݕ଴ െ ܿ݉௛
ݕ െ ܿ݉ଵ  
ݕ െ ܿ݉ଵ ൏ Ͳ 
:KHQ WKH FRQGLWLRQ  LV IDOVH WZR VLWXDWLRQV DUH WR EH GLVWLQ
JXLVKHGZKHQWKHFRQGLWLRQ LVIDOVHQRSURILW LVPDGHEXWWKH
IXOOORDGLVVWLOOPRUHSURILWDEOHWKDQSDUWORDG:KHQWKHFRQGLWLRQ











GLVSDWFK LL VXSSUHVVD VWDUWXSDQG VKXWGRZQHYHQW VHTXHQFHRU
LLL UHSODFH D VKXWGRZQ DQG VWDUWXS HYHQW VHTXHQFH E\ D UDPS
GRZQDQGUDPSXSHYHQWVHTXHQFH7KHWKUHHVWDWHVWRFRPSDUHDUH
VFKHPDWLFDOO\SLFWXUHGLQ)LJXUH7KHFRROLQJDQGEDQNLQJSURE
OHP LV VROYHGDW VWDJH ݅E\FDOFXODWLQJWKHSURILW IRU WKH WKUHHRS






7KHSURSRVHG DSSURDFK RYHUFRPHV WKHXQLIRUP WLPHGLVFUHWL]DWLRQ
DSSURDFK E\ WKH XVH RI YDULDEOH WLPH GLVFUHWL]DWLRQ DQG VWDWH
PDFKLQHV LQVSLUHG IURP WKH DXWRPDWD WKHRU\ &RPSDUHG WR WKH
VWDWHRIWKHDUW 0,/3 SUREOHP IRUPXODWLRQ WKLV FRQFHSW PDNHV
EHWWHUXVHRIWKHSRZHUSODQWFDSDELOLWLHV$SUREOHPIURPWKHOLW
HUDWXUH KDV EHHQ UHSOLFDWHG IRU YDOLGDWLQJ WKH DSSURDFK \HW WKH
SRZHU SODQW GHVFULSWLRQ LV LQVXIILFLHQW UHJDUGLQJ RSHUDWLRQDO IOH[L
ELOLW\$EHWWHUSRZHUSODQWGHVFULSWLRQVXFKDVWKHRQHLQWURGXFHG




IRU UHDOZRUOG RSHUDWLRQDO IOH[LELOLW\ DVVHVVPHQWV ZKLFK ZLOO EH



































 0DUNHWVLQFHQWLYL]LQJRSHUDWLRQDOIOH[LELOLW\ 0DUNHWVDQGWKHLUGHVLJQ /LWHUDWXUHUHYLHZPDUNHWVGLVSDWFKDQGRSHUDWLRQDOIOH[LELOLW\
 )UHTXHQF\FRQWUROFDSDFLW\UHVHUYDWLRQDQRSSRUWXQLW\FRVWVDSSURDFK 1RPHQFODWXUH 3DUDPHWULFIUHTXHQF\FRQWUROPDUNHW &DSDFLW\SURFXUHPHQWSUREOHP 4XDQWLWDWLYHDQDO\VLVRIWKHLPSURYHGSURFXUHPHQWSUREOHP (QHUJ\SURFXUHPHQWSUREOHP ,PSOHPHQWDWLRQ &RQFOXVLRQ
 4XDQWLWDWLYHDVVHVVPHQWRIDUELWUDJHRSSRUWXQLWLHVLQWKHLQWUDGD\PDUNHW 4XDOLWDWLYHDSSURDFK 4XDQWLWDWLYHDSSURDFK ,QWUDGD\PDUNHWSULFHVLJQDO &RQFOXVLRQ
 &RPELQHGKHDWDQGSRZHUSODQWV 1RPHQFODWXUH ,PSOHPHQWDWLRQ2EMHFWLYHIXQFWLRQ ,PSOHPHQWDWLRQ0XVWUXQFRQGLWLRQ







,Q RUGHU WR SURYLGH D VXLWDEOHPHWKRGRORJ\ IRU WKH DVVHVVPHQW RI
WKH LQFHQWLYHV VHQW E\ WKH OLEHUDOL]HG HQHUJ\PDUNHWV LW LV QHFHV
VDU\WRLQFOXGHWKHUHOHYDQWPDUNHWVLQWKHPRGHO7KHILUVWVHFWLRQ
RI WKLV FKDSWHUSURYLGHVDQDQDO\VLVRI WKHPDUNHWV WKRXJKW WR LQ
FHQW RSHUDWLRQDO IOH[LELOLW\ DQG D OLWHUDWXUH UHYLHZ RQ KRZ WKHVH
PDUNHWV DUH LQFOXGHG LQ XQLW FRPPLWPHQW DQG HFRQRPLF GLVSDWFK
 






7KH WDVNV WR EH SHUIRUPHG E\ D SRZHU SODQW RZQHU DQG RSHUDWRU
DUHWRSODQDQGEXLOGSRZHUSODQWVWRRSHUDWHWKHSRZHUSODQWWR
GHOLYHU WKH FRQWUDFWHG HQHUJ\ DQG WR SURYLGH V\VWHP VHUYLFHV >@
(QHUJ\FDQEHFRQWUDFWHGELODWHUDOO\RYHUWKHFRXQWHURUYLDSRZHU
H[FKDQJHV JHQHUDOO\GLYLGHG LQWRGD\DKHDGDQG LQWUDGD\EXW FDQ
DOVR EH SDUW RI SRZHU SXUFKDVH DJUHHPHQWV 6\VWHP VHUYLFHV DUH




,Q >@ IURPSDJHRQ WKHDXWKRUVFKDUDFWHUL]H WKH LQVWLWXWLRQDO
DQGPDUNHWGHVLJQUHODWHGHQDEOHUVIRURSHUDWLRQDOIOH[LELOLW\6KRUW
WLPH LQWHUYDOV DQG OHDG WLPHV DOVR LGHQWLILHG LQ HJ >@ DUH
WKRXJKWWRXQORFNIOH[LELOLW\SRWHQWLDOV6KRUWOHDGWLPHVDUHKHOSIXO





H[LVWHQFH RI SULFH FDSV DQG IORRUV 5HPRYLQJ FDSV WR DOORZ SULFH
VSLNHV LQ FDVH RI H[WUHPH HYHQWV LV QHFHVVDU\ WR LQFHQW IOH[LELOLW\
8QGLVWRUWHGSULFHVLJQDOVDUHDSUHUHTXLVLWHLIWKHPDUNHWLVWRVHQG
WKH GLVSDWFKLQJ VLJQDO WR WKH PDUNHW SDUWLFLSDQWV 7KHVH SULFH
VSLNHV DUH QRW QHFHVVDULO\ LPSDFWLQJ WKH HQGFRQVXPHU ELOO LI DS
SURSULDWHKHGJLQJLVSXWLQSODFH>@DOVRPHQWLRQVGHGLFDWHGIOH[
LELOLW\ SURGXFWV OLNH WKH &DOLIRUQLDQ LQGHSHQGHQW V\VWHP RSHUDWRU
,62 IOH[LEOH UDPS SURGXFW ,Q WKH 8QLWHG 6WDWHV WKLV PDUNHW
SURGXFW KDV EHHQ SURSRVHG DQG LPSOHPHQWHG E\ WKH &DOLIRUQLDQ
,62DQGWKH0LGFRQWLQHQW,627KHVHPDUNHWEDVHGIOH[LEOHUDPS

















HU WUDMHFWRU\PLQLPL]LQJ WKHGLIIHUHQFHEHWZHHQ WKHPDUNHW RSHUD
WRUʑV HQHUJ\ SURJUDP DQG WKH KRXUO\ DYHUDJH YDOXHV RI WKH DFWXDO
SRZHU WUDMHFWRU\ ,QIHDVLELOLWLHV DUH UHVROYHG XVLQJ WKH LQWUDGD\
PDUNHWV ,Q WKH SURSRVHG DSSURDFK WKH V\VWHP RSHUDWRU DFTXLUHV
WKHVHFRQGDU\UHVHUYHDIWHUWKHGD\DKHDGPDUNHWVHWWOHPHQW7KLV
DVVXPSWLRQ GRHV QRW KROG IRU (XURSHDQ PDUNHWV DV LQ *HUPDQ\
IRU LQVWDQFH WKH FDSDFLW\ LV UHVHUYHG IRU D ZKROH ZHHN >@
SURSRVHVDZHLJKWHGJRDOPL[HGLQWHJHUSURJUDPPLQJPRGHOIRUWKH
VDPH MRLQW GLVSDWFK DQG IHDVLELOLW\ SXUSRVH 7KH DXWKRUV RI >@




DGGUHVVHV D SRRO IUDPHZRUN LQZKLFK WKHPDUNHWV IRU HQHUJ\ DX
WRPDWLFJHQHUDWLRQFRQWURO $*&DQG UHVHUYHDUH FRQVLGHUHG VLP
XOWDQHRXVO\$WRROIRUWKHSRZHUJHQHUDWRUWRRSWLPDOO\GHWHUPLQH
LWV LQYROYHPHQW GHJUHH LQ WKH HQHUJ\ DQG FDSDFLW\ PDUNHWV LV
GHYHORSHG,QWKLVSDSHUDOVRWKHSUREOHPRIELGGLQJLV OHIWRXWRI
FRQVLGHUDWLRQ DQG LW LV DVVXPHG WKDW DFFXUDWH SULFH IRUHFDVWV DUH
DYDLODEOH 7KH JHQHUDWRU LV DOVR XQDEOH WR LQIOXHQFH WKH PDUNHW
SULFHV>@LPSURYHVWKHODWWHUZRUNE\LQWURGXFLQJVWDUWXSW\SHV
DV D IXQFWLRQ RI WKH FRROLQJ GXUDWLRQ >@ IRUPXODWHV D VHOI
VFKHGXOLQJ SUREOHP LQFOXGLQJ WKH UHVHUYH GHSOR\PHQW WLPHIUDPH
DQG WKH UHDO UHVHUYHDYDLODELOLW\RI WKHSODQW DV LWGHSHQGVRQ LWV
DFWXDO VFKHGXOH7KLV IRUPXODWLRQ DVVXPHV H[RJHQRXVO\GHILQHG UH
VHUYHUHTXLUHPHQWV:KHUHDVWKHSUHYLRXVUHIHUHQFHVVROYHWKHSURE
OHP RI WKH RSWLPDO SRZHU DOORFDWLRQ EHWZHHQ HQHUJ\ DQG FDSDFLW\
PDUNHWV >@ DQG >@ SURSRVH WKHRUHWLF DSSURDFKHV IRU GHILQLQJ
WKHRSWLPDOELGGLQJ VWUDWHJ\ ,Q >@ WKHSULFLQJRI UHVHUYHV
LQ D 1RUWK$PHULFDQ FRQWH[W ZLWK ORFDWLRQDO PDUJLQDO SULFLQJ LV
EDVHGRQ/DJUDQJHPXOWLSOLHUV>@SURSRVHVDVLPXOWDQHRXVHQHU
J\ DQG UHVHUYHV PDUNHW FOHDULQJ PRGHO DOVR EDVHG RQ /DJUDQJH
 










762 DQG GLYLGHG LQWR FDSDFLW\ UHVHUYDWLRQ DQG HQHUJ\ SURYLVLRQ
7KH FDSDFLW\ UHVHUYDWLRQ HQVXUHV WKH 762 WKDW LI QHHGHG WKH
UHVHUYHG FDSDFLW\ LV DYDLODEOH WR SURYLGH WKH UHTXLUHG DPRXQW RI
HQHUJ\7KHFDSDFLW\UHVHUYDWLRQLVRILQWHUHVWWRWKHIOH[LELOLW\WRS
LF DV LW OLPLWV WKH RSHUDWLQJ UDQJH RI WKH SRZHU SODQW DQG WKXV
PLJKW PRGLI\ WKH YDOXH RI RSHUDWLRQDO IOH[LELOLW\ D VXSSRVLWLRQ
ZKLFK ZLOO EH DQDO\]HG LQ WKH FDVH VWXGLHV 7KH LQWHUHVWHG UHDGHU
PLJKW UHIHU WR >@ DQG >@ IRU PRUH GHWDLOV RQ WKH UXOHV DQG
IXQFWLRQLQJ RI WKH IUHTXHQF\ FRQWURO PDUNHWV 7KH URDGPDS SUR
SRVHGLQ>@LVRILQWHUHVWIRU(XURSHEXWDOVRHOVHZKHUHHVSHFLDO
O\ UHJDUGLQJ FRQWURO SURFXUHPHQW E\ LQWHUPLWWHQW UHVRXUFHV 7KH
ODWWHU LV IDFLOLWDWHG E\ PRUH IUHTXHQW WHQGHULQJ DQG VKRUWHU WLPH
SHULRGV >@6KRUWHU OHDGWLPHVSUHVHQWDIXUWKHUDGYDQWDJH5HI
HUHQFH >@ VXJJHVWV FRQGLWLRQDOELGGLQJZKLFK FRXOGKHOS UHGXFH
WKH V\VWHPPXVWUXQ FDSDFLWLHV)RU FRVW HIILFLHQF\ >@SURSRVHV







7KH VFRSH RI WKLV ZRUN LV OLPLWHG WR FRQWURO SRZHU DQG WKXV H[
FOXGHVLPEDODQFHVHWWOHPHQWDVSHFWV$VIRUWKHGD\DKHDGGLVSDWFK
RSWLPL]DWLRQ DSULFHWDNHUSHUVSHFWLYHZLWKSHUIHFW SULFH IRUHVLJKW
LVDVVXPHG$JDLQWKHDLPLVQRWWRRSWLPL]HWKHELGGLQJSURFHVV
EXW WR RSWLPL]H WKH UHVHUYDWLRQ RI FDSDFLW\ IRU D JLYHQ FDSDFLW\
UHVHUYDWLRQSULFHDQGDGD\DKHDGSULFHVLJQDO7KHFDSDFLW\UHVHU
YDWLRQ LV VHWWOHG DQG NQRZQ EHIRUH WKH GD\DKHDGPDUNHW DXFWLRQ
RQ WKH FRQWUDU\ DV WKH UHYLHZ LQ VXEVHFWLRQ  DQG VHFWLRQ 
3DUW$KDVVKRZQLQVRPHPDUNHWVWKHHQHUJ\DQGUHVHUYHVDUHFR
RSWLPL]HG7KHUHIRUHDV LQ >@ LI FDSDFLW\ LV UHVHUYHG WKHVXS
 
SOLHULVVXSSRVHGWRELGLWVPXVWUXQFDSDFLW\DWDSULFHRI]HURRQ
WKH VSRWPDUNHW 7KLV HQVXUHV WKDW WKH SRZHU SODQW LVZLWKLQ WKH
PHULWRUGHUDQGDEOHWRJHW LWVPXVWUXQFDSDFLW\UHZDUGHGDWWKH
GD\DKHDGPDUNHWVSRWSULFH,QWKHIROORZLQJVHFWLRQWKHSDUDPHW
ULF IUHTXHQF\FRQWUROPDUNHWPRGHOGHYHORSHG IRUWKLVVWXG\ LVGH







݀݅  3URJUDPXQLWVL]HRIPDUNHW݅LQKRXUV݅  ,QGH[RIPDUNHWݐ௕  $EVROXWHWLPHRIWKHEHJLQQLQJRIWKHSURJUDPXQLWݐ א π  ,QVWDQWWLPHWLQWKHWLPHUDQJHπ
ܿ݌W 3RZHU SODQW PDUJLQDO RSHUDWLRQ FRVWV DW WLPH ݐ LQʱ0:K
ܧܲሺݐሻ  (OHFWULFLW\SULFHDWWLPHݐLQʱ0:K
߂݌݋ݏ 5HVHUYHG FDSDFLW\ LQ WKH SRVLWLYH GLUHFWLRQ GXULQJ݀݅LQ0:
߂݊݁݃ 5HVHUYHGFDSDFLW\ LQ WKHQHJDWLYHGLUHFWLRQGXULQJ݀݅LQ0:
߂  5HVHUYHGFDSDFLW\GXULQJ݀݅LQ0:ݔ݉݅݊  0LQLPXPSRZHURXWSXWRISRZHUSODQWLQ0:HOܿ݅ሺݐሻ 2SSRUWXQLW\ FRVW IRU PDUNHW ݅ DW WKH LQVWDQW ݐ LQʱ0:K
ܿ݅ሺܷܲܵሻ 2SSRUWXQLW\ FRVW IRU PDUNHW ݅ GXULQJ ݀݅ LQ ʱ0:386
ݕሺݐሻ /RDG SURSRUWLRQDO FRPSRQHQW RI WKH REMHFWLYH IXQF
WLRQDVIXQFWLRQRIWLPHݐLQʱ0:K
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7KHVFRSHRIWKLVZRUNLV OLPLWHGWRFRQWUROSRZHU,W LQFOXGHVRS




GLIIHUHQFHV LQ LPSOHPHQWDWLRQ 7KH UHYLHZ DQG OHVVRQV OHDUQHG LQ





- 2QO\ RQH IUHTXHQF\PDUNHW FDQ EH GHILQHG DW D WLPH DQG LV
GHVFULEHGE\WKHSDUDPHWHUVLQ7DEOH





HQWLDWHG QDPHO\ D SHDN SURGXFW DQG DQ RIISHDN SURGXFW LI






WLRQ UHIHU WR >@ 6LQFH SHUIHFW IRUHVLJKW LV DVVXPHG LQ WKH GD\
DKHDG PDUNHW WKH FDSDFLW\ SURFXUHPHQW GHFLVLRQ FDQ EH GHWHU
PLQHG XVLQJ WKH HOHFWULFLW\ GD\DKHDG SULFHV 7KH FRQWURO PDUNHW




EH GLIIHUHQWLDWHG HLWKHU WKH SODQWʑV PDUJLQDO RSHUDWLRQ FRVWV DUH
DERYHWKHGD\DKHDGHOHFWULFLW\SULFHRUWKH\DUHEHORZ8VLQJWKH
WHUPLQRORJ\ RI >@ WKH IRUPHU DUH H[WUDPDUJLQDO ZKHUHDV WKH
ODWWHUDUHLQIUDPDUJLQDO2QHLQDOOWKHRSSRUWXQLW\FRVWVHTXDOWKH




ݔ௠௜௡DWOHDVW)RUQHJDWLYHSURFXUHPHQWWKHORDGOHYHOVKRXOGEHDWOHDVWݔ௠௜௡ ൅ ߂௡௘௚ ,Q WKH OLWHUDWXUH WKHVH RSSRUWXQLW\ FRVWV GR QRWWDNHLQWRDFFRXQWWKHLQFUHDVHGRSHUDWLRQFRVWVDWSDUWORDGPRVWO\





QDQFH FRVWV WKH SRZHU SODQWPRGHO LQWURGXFHG LQ WKH VHFWLRQ 
FDQEHXVHG7KHORVVHVFDQWKHQEHZULWWHQDVLQHTXDWLRQIRU
ERWK FRQWURO GLUHFWLRQV DQG IRU D JLYHQ ORDG OHYHO݌ 7KH SRZHU
SODQWʑVSURILWIXQFWLRQKHUHLQFOXGHVWKHSURILWDQGFRVWVUHODWHGWR



















ݕ෤ሺݐሻ ൌ ݕሺݐሻ െ ܿ݉ଵ כ ݑሺݐሻ ׊ 
ݕ଴෦ሺݐሻ ൌ ݕ଴ሺݐሻ െ ܿ݉௛ כ ݑሺݐሻ ׊ 
,QFDVHWKHPDUJLQDORSHUDWLRQFRVWVDUHEHORZWKHGD\DKHDGHOHF
WULFLW\SULFHWKHRSSRUWXQLW\FRVWVDUHWKHIRUHJRQHSURILWDOORFDWHG
WR WKH FRQWURO FDSDFLW\ 7KH SRVLWLYH FRQWURO FDSDFLW\ UHVHUYHG LQ
WKH FRQWURO PDUNHW LV QRW DYDLODEOH IRU WKH GD\DKHDG PDUNHW
DQ\PRUH7KLVZD\ WKH FDSDFLW\ FRVWV DUH HTXDO WR ]HURZKHQ WKH
GD\DKHDG HOHFWULFLW\ SULFH HTXDOV WKHPDUJLQDO FRVWV RI WKH SODQW






൫ܧܲሺݐሻ െ ܿ௣ሺݐሻ൯ כ ߂௣௢௦
߂௣௢௦ ׊פሺሻ൒ሺሻ 
ܿ௜ሺݐሻ ൌ Ͳ  ׊ פ ሺሻ ሺሻ 
ܿ௜ሺݐሻ ൌ
ݕ෤ሺݐሻ כ ߂௣௢௦




SDFLW\SULFHVRQWKH IUHTXHQF\PDUNHWSHUIHFW IRUHVLJKW LVDOVRDV
VXPHG7KLVZD\WKHSDUWLFLSDWLRQGHFLVLRQFULWHULDLVVXEPLWWHGWR
WKH FRPSDULVRQ RI WKH RSSRUWXQLW\ FRVWV ܿ௜DQG WKH SURILWV RQ WKHFRQWURO PDUNHW ZKLFK LV WKH FDSDFLW\ SULFHܥܲ 7KH RSSRUWXQLW\
FRVWV DUH FDOFXODWHG IRU D JLYHQ GD\DKHDG HOHFWULFLW\ SULFH ZKLFK
PHDQVWKDWWKHVHFRVWVDUHYDOLGIRUDJLYHQKRXURQO\7KHGHFLVLRQ










DUHPDGH XVLQJ WKH GDWD RI WKH ILUVWZHHN RI WKH \HDU  IURP




PDUNHW LV V\PPHWULF QHJDWLYH DQG SRVLWLYH FRQWURO DQG DV WKHUH
DUH WZR WDULII SHULRGV KLJK DQG ORZ WDULII 7KH HOHFWULFLW\ SULFH
VLJQDO LV WKH *HUPDQ GD\DKHDG VSRW PDUNHW SULFH 7KH SRZHU
SODQW LV DVVXPHG WR KDYH  ʱ0:KPDUJLQDO RSHUDWLRQ FRVWV D
PLQLPXP FRPSODLQW ORDG DW 0: IRU D QRPLQDO ORDG RI
0:DQGDUDPSUDWHRIPLQ$QSHUFHQWDJHSRLQWHIIL
FLHQF\UHGXFWLRQDWPLQLPXPORDGLVDVVXPHG)LJXUHFRPSDUHV
RSSRUWXQLW\FRVWVZLWKRXWWDNLQJ LQWRDFFRXQW WKHHIILFLHQF\ ORVVHV
DW SDUWORDG DQG DQ\ RWKHU G\QDPLF HIIHFW OLNH F\FOLQJ FRVWV UH
IHUUHGWRDVVWDWLFDQGWKHVDPHRSSRUWXQLW\FRVWVZLWKWKHVHSD








WKH RSSRUWXQLW\ FRVWV RI IUHTXHQF\ FRQWURO FDSDFLW\ UHVHUYDWLRQ
7KH LPSURYHG SRVLWLYH FRQWURO RSSRUWXQLW\ FRVW FDOFXODWLRQ GRHV
QRW OHDG WR D ]HUR RSSRUWXQLW\ FRVW ZKHQ WKH GD\DKHDG SULFH
 























































































































1HHG IRU FRQWURO SRZHU VWHPV IURP V\VWHP LPEDODQFHV ZKLFK DUH
FDXVHG E\ VWRFKDVWLF HYHQWV VXFK DV ORDG IRUHFDVW HUURUV DQG XQ
SODQQHG RXWDJHV DQG GHWHUPLQLVWLF HYHQWV OLNH VFKHGXOH OHDSV )RU
WKH HQHUJ\ SURFXUHPHQW SUREOHP D VWRFKDVWLF HYHQW VKRXOG EH
LQWURGXFHGZLWKDJLYHQFDOOSUREDELOLW\ IXQFWLRQ$GGLQJWKLVVWR
FKDVWLF HQHUJ\ SURYLVLRQ WR WKHPRGHO ZRXOG SURYLGH GLIIHUHQW UH
VXOWV DW HDFK FDOO RI WKH VDPH MRE 0RUHRYHU WKH UHZDUGV IRU
SURYLGLQJHQHUJ\DUHPXFKPRUHVLJQLILFDQWWKDQWKRVHIRUFDSDFLW\
SURYLVLRQ VR WKDW WKH SURILW LV OLNHO\ WR EH LPSURYHG WKURXJK WKH
HQHUJ\ SURYLVLRQ)RU WKH DVVHVVPHQW LW LV WKHUHIRUH SUHIHUUHG QRW
WRDGGWKHHQHUJ\SURYLVLRQWRWKHGLVSDWFK
 ,PSOHPHQWDWLRQ
3URYLVLRQ RI IUHTXHQF\ FRQWURO VHUYLFHV LV VXEPLWWHG WR VWULFW UH
TXLUHPHQWVPRVWO\ UHJDUGLQJ WKH DELOLW\ WRSURYLGH VSHFLILF UDPS
UDWHV LQDJLYHQDPRXQWRI WLPH7KHUHIRUH LW LV ILUVWQHFHVVDU\WR
YHULI\ZKHWKHUWKHJHQHUDWLQJSODQWLVIOH[LEOHHQRXJKWRFRQWULEXWH






SURFHVV LQ WKH IUHTXHQF\ FRQWUROPDUNHW 7KLVPHDQV WKDW LW GRHV
QRW RSWLPL]H LQZKLFKPDUNHWV SULPDU\ VHFRQGDU\ DQG WHUWLDU\
WKH RSHUDWRU VKRXOG ELG DQG LW GRHV QRW RSWLPL]HZKLFK DPRXQWV
DQGSULFHVVKRXOGEHRIIHUHG6HH>@DQG>@IRUELGGLQJVWUDWH
JLHVLQWKHIUHTXHQF\FRQWUROPDUNHW7KHUHVHUYHGVKDUHLVELGDWD
SULFHRI ]HUR LQ WKH VSRWPDUNHW7KLVZLOOKDYH WKH LPSDFW WRUH
GXFH WKH RXWFRPH RI WKH VSRW GD\DKHDG PDUNHW LQ WLPHV RI ORZ
GHPDQG DQG WR LQFUHDVH LW LQ WLPHV RI KLJK GHPDQG DV GHPRQ
VWUDWHGLQ>@+RZHYHUWKHVHLQWHUDFWLRQVDUHQRWWDNHQLQWRDF
FRXQW LQ WKH SUHVHQWHGPRGHO GXH WR WKH LQILQLWHPDUNHW DVVXPS
WLRQ $OO PDUNHW VLJQDOV DUH SURYLGHG H[RJHQRXVO\ 7KH GHYHORSHG
DSSURDFKFDOFXODWHVIRUHDFKSURJUDPXQLWWLPHZKHWKHUWKHRSHUD
WRU VKRXOG RU QRW UHVHUYH FDSDFLW\ DQG RSWLPL]HV WKH SODQW RSHUD
WLRQ DFFRUGLQJO\ )RU D JLYHQ PDUNHW LI WKH SURGXFWV DUH QRQ
V\PPHWULF DQG LI WKHUH DUH SHDN DQG RIISHDN SURGXFWV WKH DOJR




6SLQQLQJ FRQWURO LQWURGXFHV D PXVWUXQ FRQGLWLRQ ZKLFK PRGLILHV
WKHWRSRORJ\RI WKHVWDWHPDFKLQH7KLVPXVWUXQFRQGLWLRQ LV IRU
PXODWHGXVLQJWKHFRQGLWLRQVDQG7KHVWDUWXSDQG
VKXWGRZQ GHFLVLRQV DUH RQO\ UHVWULFWHG DW WLPHV ZKHQ IUHTXHQF\
FRQWURO FDSDFLW\ LV UHVHUYHG VR WKDW WKH FRQGLWLRQV RQO\ LPSDFWV
WLPHVEHWZHHQሾݐ௕ǡ ݐ௕ ൅ ݀௜ሿZLWK ݐ௕WKHEHJLQQLQJRIDQHZSURJUDPXQLW݀௜6WDUWXSGHFLVLRQVDWWLPHݐDUHVXEPLWWHGWRFRQGLWLRQDQG 7KHYDOLGLW\ RI FRQGLWLRQ  GHILQHV WKDW D VWDUWXS LV
UHTXLUHGLIFRQWUROFDSDFLW\LVUHVHUYHGHYHQLIWKHGD\DKHDGSULFHV
DUHQRWKLJKHQRXJKWRPDNHSURILW7KHYDOLGLW\RIFRQGLWLRQ
DOORZV WKH SODQW WR VWDUWXS LI WKH HOHFWULFLW\ SULFH LV KLJK HQRXJK
IRUSURILWVZKHQQRFRQWUROFDSDFLW\LVUHTXLUHG
߂ሺݐ െ ͳሻ ൌ ͲƬ ߂ሺݐሻ ൐ Ͳ ׊ݕ෤ כ ܲ ൅ ݕ଴෦
 







߂ሺݐሻ ൌ ͲƬ ݕ෤ כ ܲ ൅ ݕ଴෦ሺݐሻ ൏ Ͳ Ƭ ݕ෤ כ ܲ ൅ ݕ଴෦ሺݐ െ ͳሻ ൒ Ͳ 

 &RQFOXVLRQ
7KH SUHVHQWHG FRQFHSWV DQG LPSOHPHQWDWLRQ DOORZ RSWLPL]LQJ WKH
SDUWLFLSDWLRQWRFDSDFLW\UHVHUYDWLRQIRUIUHTXHQF\FRQWUROLQ(XUR
SHDQ PDUNHWV IURP D SULFHWDNHU SHUVSHFWLYH 7KH (XURSHDQ PDU
NHWV IRU IUHTXHQF\FRQWUROSURFXUHPHQWKDYHEHHQSDUDPHWUL]HG WR
D VLQJOH PRGHO 7KH PHWKRG LV EDVHG RQ DQ RSSRUWXQLW\ FRVW










FDSDELOLW\7KHUHIRUH WKH LPSDFW RI WKHSRZHUSODQW IOH[LELOLW\ RQ
WKH UHYHQXHV LQ WKH LQWUDGD\PDUNHW DQG IUHTXHQF\ UHVHUYHPDU
NHW QHHGV WR EH DQDO\]HG 7KH LQWUDGD\ VFKHGXOLQJ UHTXLUHV FRQ
WLQXRXV UHRSWLPL]DWLRQ VLQFH LQIRUPDWLRQ DFWXDOL]HV DQG EHFRPHV
PRUH DFFXUDWH WKH FORVHU WKH JDWH FORVXUH $V LQ WKH FDVH RI WKH
GD\DKHDGGLVSDWFK RSWLRQV DUHGHWHUPLQHG UHJDUGLQJ WKH VWDWHRI
WKH SODQW DQG WKH SULFH VSUHDGV WKXV GHILQLQJ WKH SRZHU SODQWʑV
DUELWUDJHSRVVLELOLWLHVLQWKHLQWUDGD\PDUNHW+LJKLQWUDGD\SULFHV
DUHDVLJQDORIDV\VWHPUHTXLULQJLQFUHDVHGSRZHUSURGXFWLRQ7KLV
FDQ UHVXOW IURP ORZHU UHQHZDEOHV LQIHHG WKDQ SUHGLFWHG RU XQ
SODQQHGXQDYDLODELOLWLHV ,Q WKLV FDVHSODQWVDUHHQFRXUDJHG WR LQ
FUHDVHWKHLUSRZHURXWSXWLQWKHLQWUDGD\PDUNHW,QFDVHRIORZLQ
WUDGD\ SULFHV WKH VLJQDO LQGLFDWHV DQ RYHUVXSSO\ FDXVHG E\ D




7DEOH  TXDOLWDWLYHO\ VXPPDUL]HV WKH GLIIHUHQW RSWLRQV LQ WKH
LQWUDGD\PDUNHWGHSHQGLQJRQWKHGD\DKHDGVFKHGXOHDQGWKH LQ
WUDGD\SULFHIRUHFDVW)RU LQVWDQFH LIWKHSRZHUSODQW LVRSHUDWLQJ
DQG VFKHGXOHG WR UHPDLQ RQOLQH RQĺRQ DQG WKH LQWUDGD\ SULFH
IRUHFDVWLVKLJKWKHQWKHORDGVKRXOGEHLQFUHDVHGWRVHOOPRUHHOHF
WULFLW\ RQ WKH SURILWDEOH LQWUDGD\PDUNHW 7KLV LQFUHDVH LV OLPLWHG




SRUWXQLW\ WR EX\ WKLV FKHDS HQHUJ\ WR SURYLGH WKH HQHUJ\ VROG RQ
WKH GD\DKHDGPDUNHW 7KLV LV OLPLWHG E\ WKHPLQLPXP ORDG SOXV
HYHQWXDOO\ QHJDWLYH FRQWURO SRZHU SRVLWLRQV DQG WKH SRZHU SODQW
UDPSUDWHV,QFDVHWKHSRZHUSODQW LVRIIOLQHDQGVFKHGXOHGWRUH
PDLQ VR RIIĺRII KLJK LQWUDGD\ SULFHV DUH LQFHQWLYHV WR RSHUDWH
WKHSODQW WR VHOO WKHPLVVLQJ HQHUJ\ QRWSURYLGHGE\ WKH UHQHZD




FRQWUDU\ KLJK LQWUDGD\ SULFH IRUHFDVWV DUH LQFHQWLYHV WR VWDUW WKH
SRZHUSODQWVRRQHUWRVHOOWKHHQHUJ\RQWKLVPDUNHW,QFDVHVKXW
WLQJGRZQWKHSRZHUSODQWLVSODQQHGRQĺRIIKLJKLQWUDGD\SULFH
RSSRUWXQLWLHV FDQ EH FDXJKW E\ SRVWSRQLQJ WKH WUDQVLWLRQ ,Q FDVH
RI KLJK LQWUDGD\SULFHV DQG DSRZHU SODQW LQ LWV ʔDYDLODEOHʕ VWDWH
WKH DUELWUDJH RSSRUWXQLW\ FDQ RQO\ EH WDNHQ LI WKH SULFH VLJQDO LV


































ூܲ஽ሺݐሻ 3URILWLQWKHLQWUDGD\GLVSDWFKLQʱܧ ஽ܲ஺ሺݐሻ (OHFWULFLW\SULFHLQWKHGD\DKHDGPDUNHWܧ ூܲ஽ሺݐሻ (OHFWULFLW\SULFHLQWKHLQWUDGD\PDUNHWݕ෤ூ஽ሺݐሻ 9DOXH RI WKHݕ෤ IXQFWLRQ LQ WKH LQWUDGD\PDUNHW ORDGLQGHSHQGHQW FRPSRQHQW RI WKH SURILW IXQFWLRQ DV
IXQFWLRQRIWLPHݐLQʱK
ݕ෤଴ሺݐሻ 9DOXHRIWKHݕ଴෦ IXQFWLRQ LQERWKWKH LQWUDGD\PDUNHWDQG GD\DKHDG PDUNHW DV LW LV SULFH LQGHSHQGHQW
/RDG LQGHSHQGHQW FRPSRQHQW RI WKH REMHFWLYH IXQF
WLRQDVIXQFWLRQRIWLPHݐLQʱK

)LJXUH  FRPSDUHV WKH VHOIVFKHGXOLQJ RI D JLYHQ SRZHU SODQW LQ
WKH GD\DKHDG '$ PDUNHW DQG WKH LQWUDGD\ ,' PDUNHW %RWK
GLVSDWFKHVDUHRSWLPL]HG LQGHSHQGHQWO\DQGDUHXVHG IRU WKH LOOXV
WUDWLRQRI WKH IROORZLQJFRQFHSW7KHER[HV LQ)LJXUH LOOXVWUDWH
WKUHH GLIIHUHQW EHKDYLRUV ZKLFK ZLOO EH XVHG WR PRGLI\ WKH GD\
DKHDG GLVSDWFK WR FDWFK LQWUDGD\ DUELWUDJH RSSRUWXQLWLHV ,I WKH
GD\DKHDGDQG LQWUDGD\GLVSDWFKDUH WKH VDPHDV LQ WKH ILUVWER[
 
LQ)LJXUH  WKHQ WKLV GLVSDWFK LV RSHUDWHG DQG WKHSURILW LV WKH
RQHUHVXOWLQJIURPWKHGD\DKHDGSULFHV7KLVFDVHLVWKHRQHZKHUH
SURILWFDQEHPDGHRQWKHLQWUDGD\DQGWKHGD\DKHDGPDUNHWDQG
ZKHUH D VWUDWHJLF FDSDFLW\ UHVHUYDWLRQ IRU WKH LQWUDGD\ PDUNHW






IOLQH RU DW ORZHU ORDG WKHQ WKH LQWUDGD\ GLVSDWFK LV RSHUDWHG ,Q










݂݅݌஽஺ ൌ ݌ூ஽ݐ݄݁݊݌ ൌ ݌஽஺ ൌ ݌ூ஽ ܽ݊݀ ܲ ൌ ஽ܲ஺
݂݅݌஽஺ ൏ ݌ூ஽ݐ݄݁݊݌ ൌ ݌ூ஽ܽ݊݀ܲ ൌ ூܲ஽
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,Q *HUPDQ\ WZR LQWUDGD\ PDUNHWV ZLWK GLIIHUHQW GHVLJQV DUH
LPSOHPHQWHG 7KH ILUVW RQH LV D SD\DVELG FRQWLQXRXV LQWUDGD\
PDUNHWZLWKKRXUO\DQGPLQXWHSURGXFWVDQGWKHVHFRQGRQH LV
D IL[HGJDWH DXFWLRQZLWKPLQXWHVSURGXFWVZLWKPDUJLQDOSULF
LQJ 7KH FRQWLQXRXV SD\DVELG GHVLJQ PHDQV WKDW WKHUH DUH DV









WUDJH RSSRUWXQLW\ EHWZHHQ WKH GD\DKHDG DQG LQWUDGD\ PDUNHWV
7KLVDSSURDFKLVLQOLQHZLWKWKHFRQWULEXWLRQZKLFKLVGHVLUHGIURP
WKLV PDUNHW IURP D V\VWHP SHUVSHFWLYH WKH FRUUHFWLRQ RI IRUHFDVW
HUURUV DQG WKXV WKH UHGXFWLRQ RI UHDOWLPH EDODQFLQJ QHHGV $V LQ
HYHU\ PDUNHW ZLWKRXW D VLQJOH SULFH VLJQDO FRQWLQXRXV ELGGLQJ






WULFW KHDWLQJ QHWZRUNV RU SURYLGH SURFHVV VWHDP IRU WKH LQGXVWU\
7KH UHYLHZ RI IOH[LELOLW\ SURYLGHUV LQ 3DUW $ VHFWLRQ  KDV
VKRZQ WKDW FRPELQHGKHDW DQGSRZHU &+3SODQWV FRQWULEXWH WR
WKHHQHUJ\WUDQVLWLRQE\FRXSOLQJWKHKHDWDQGHOHFWULFLW\VHFWRU$W
&+3SODQWV WKH SURGXFWLRQ RI KHDW DQG HOHFWULFLW\ LV FRXSOHGXQ
OHVVDKHDWVWRUDJHV\VWHPLVLPSOHPHQWHG&+3SODQWVH[LVWLQWZR
YDULDQWV WKH EDFN SUHVVXUH WXUELQH SODQW QRQFRQGHQVLQJ SODQWV
DQG H[WUDFWLRQFRQGHQVLQJ WXUELQH SODQWV 7KH ILUVW RQHV KDYH D
VWULFW SRZHUKHDW UHODWLRQVKLS 'XH WR WKHLU KLJKHU IOH[LELOLW\ WKH
H[WUDFWLRQFRQGHQVLQJ WXUELQHSODQWVDUH FRQVLGHUHGKHUHDQGKDYH
WKH IHDVLEOHRSHUDWLRQ UHJLPHGHSLFWHG LQ)LJXUH7KHPRGLILFD
WLRQRIWKHVHOIVFKHGXOLQJREMHFWLYHIXQFWLRQGXHWRWKHSURYLVLRQRI
KHDW ZLOO EH GHWDLOHG 7KLV REMHFWLYH IXQFWLRQPLJKW EH XVHG LQ D
PL[HG LQWHJHU SURJUDPPLQJ IRUPXODWLRQ DV ZHOO DV LQ DQ HYHQW
EDVHGDSSURDFK,WLVDVVXPHGWKDWWKHKHDWSURYLVLRQSUHYDLOVRYHU
WKH HOHFWULFLW\ SURYLVLRQ VR WKDW FRPELQHG KHDW DQG SRZHU LQWUR
GXFHVDPXVWUXQFRQGLWLRQ7KHLPSDFWRIWKLVPXVWUXQFRQGLWLRQ
RQWKHVWDWHPDFKLQHZLOOEHGHWDLOHGLQWHUPVRIFRQGLWLRQVIRUPX





ܨܲሺݐሻ )XHO SULFH LQFOXGLQJ &2 HPLVVLRQ FRVWV DW WLPH ݐ LQʱ0:KWKݏ /RVV RI HOHFWULFLW\ JHQHUDWLRQ SHU XQLW RI KHDW JHQHUDWHG DW
IL[HGIXHOLQSXWLQ0:HO0:WKDVVXPHGFRQVWDQWܿ௕௣ %DFNSUHVVXUHFRHIILFLHQWLQ0:HO0:WK݄ሺݐሻ +HDWSURGXFWLRQLQ0:WK
 (QGRJHQRXV3DUDPHWHUV
























ODWHV DV WKH GLIIHUHQFH EHWZHHQ WKH ORDG ZLWKRXW KHDW SURYLVLRQ
݌ሺݐሻDQGWKHORVVRIORDGGXHWRKHDWSURYLVLRQכ ݄ሺݐሻ
݌௛ሺݐሻ ൌ ݌ሺݐሻ െ ݏ כ ݄ሺݐሻ ൌ തܲ כ
݂ሺݐሻ െ ଴݂
ଵ݂ െ ଴݂ െ ݏ כ ݄ሺݐሻ 
7KHREMHFWLYHIXQFWLRQEHFRPHV







8VLQJ WKH SRZHU SODQW PRGHO LQWURGXFHG LQ VHFWLRQ  WKLV EH
FRPHV

݉ܽݔ௣නሾሺݕሺݐሻ െ ܿ݉ଵ כ ݑሺݐሻሻ כ ݌ሺݐሻ ൅ ݕ଴ ൅ ݕ௛ሺݐሻ כ ݄ሺݐሻ െ ܿ݉௛ כ ݑሺݐሻ
െ෍ ௞݂ሺݐሻ ȉ ߜሺݐ െ ݐ௞ሻ
௞א௅





ݕሺݐሻ ൌ ܧܲሺݐሻ െ ሺ ଵ݂ െ ଴݂ሻതܲ ȉ ܨܲሺݐሻ


ݕ଴ሺݐሻ ൌ െሺ ଴݂ ȉ ܨܲሺݐሻ ൅ ܿ݉଴ሻ 
ݕ௛ሺݐሻ ൌ ܪܲሺݐሻ െ ܧܲሺݐሻ ȉ ݏ 
,W LVDOVRZRUWKQRWLQJWKDWWKH ORZHUERXQGRIWKHIHDVLEOHRSHUD
WLRQUHJLRQVHH)LJXUH LPSRVHVDGLVWLQFWLRQEHWZHHQKHDWH[
WUDFWLRQV ORZHU DQG JUHDWHU WKDQ WKH OLPLW ݄௞ GHILQHG ZLWK WKHHTXDWLRQ(TXDWLRQVDQGVKRZWKDWWKHORDGWKDWFDQ
EH GHOLYHUHG DW SDUWORDG ZKHQ H[WUDFWLQJ WKH KHDW݄ GHSHQGV RQ
ZKHWKHUWKHKHDWH[WUDFWLRQDPRXQWLVOHVVRUPRUHWKDQ݄௞
ෘܲ െ ݏ כ ݄௞ ൌ ܿ௕௣ כ ݄௞
 
௛ܲේ ൌ ෘܲ െ ݏ כ ݄ ൅ ߂௡௘௚ ׊݄ ൏ ݄௞ ܽ݊݀ ݂ ൒ ௠݂௜௡ 
௛ܲේ ൌ ܿ௕௣ כ ݄ ൅ ߂௡௘௚ ׊݄ ൒ ݄௞ ܽ݊݀ ݂ ൒ ௠݂௜௡ 
 ,PSOHPHQWDWLRQ0XVWUXQFRQGLWLRQ
7KHPXVWUXQ FRQGLWLRQ LQWURGXFHG E\ WKH KHDW SURYLVLRQ FKDQJHV
WKHWRSRORJ\RIWKHVWDWHPDFKLQH7KLVPRGLILFDWLRQLVKDQGOHGYLD
WKHFRQGLWLRQVDQG7KHFRQGLWLRQVDQGGH
ILQHWKHVWDUWXSEHKDYLRU ,I WKHFRQGLWLRQ LVWUXHDVWDUWXS
LV UHTXLUHG IRU WKHKHDWRU IUHTXHQF\FRQWUROSURYLVLRQHYHQ LI WKH




߂ሺݐ െ ͳሻ ൌ ͲƬ߂ሺݐሻ ൐ Ͳ ݋ݎ ݄ሺݐ െ ͳሻ ൌ Ͳ Ƭ ݄ሺݐሻ
൐ Ͳ׊ݕ෤ כ ܲ ൅ ݕ଴෦

ݕ෤ כ ܲ ൅ ݕ଴෦ሺݐሻ ൒ ͲƬݕ෤ כ ܲ ൅ ݕ଴෦ሺݐ െ ͳሻ ൏ Ͳ Ƭ ߂ሺݐሻ ൌ Ͳ 
Ƭ ݄ሺݐሻ ൌ Ͳ


6KXWGRZQ GHFLVLRQV DW WLPH ݐ DUH VXEPLWWHG WR FRQGLWLRQ 
ZKLFK PHDQV WKDW WKH SRZHU SODQW FDQ RQO\ VKXWGRZQ ZKHQ QR
KHDWRUIUHTXHQF\FRQWUROFDSDFLW\LVUHTXLUHG7KHLQLWLDOFRQGLWLRQ
LV GHWHUPLQHG E\ LQLWLDO KHDW GHPDQG (LWKHU WKH LQLWLDO KHDW GH
PDQGLVSRVLWLYHVRWKDWWKHSODQW LVRSHUDWLQJRUWKHUH LVQRKHDW
GHPDQGDQGWKHHOHFWULFLW\SULFHGHWHUPLQHVWKHLQLWLDOVWDWH




LGHQWLILHG DV WKH RQHV LQWHQGHG WR LQFHQW RSHUDWLRQDO IOH[LELOLW\
*LYHQWKHGLIIHUHQWWLPHVFDOHVOHDGWLPHVDQGIXQFWLRQLQJRIWKHVH
PDUNHWV WKH K\SRWKHVLV WKDW WKH YDOXH RI D JLYHQ IOH[LELOLW\ LP
SURYHPHQWGHSHQGVRQZKLFKPDUNHWVDQGPDUNHWFRPELQDWLRQVWKH
SRZHU SODQW LV GLVSDWFKHG LQ PLJKW EH IRUPXODWHG 7KLV VHFWLRQ
SURYLGHVDTXDQWLWDWLYHWHVWFDVH
 7HVWFDVH
7KHZRUN DW KDQGGRHV QRW RQO\ DOORZ IRU D TXDQWLILFDWLRQ RI WKH
YDOXHRIIOH[LELOLW\EXWDOVRIRUDTXDQWLWDWLYHDVVHVVPHQWRIRSHUD
WLRQDO IOH[LELOLW\ LPSURYHPHQWVʑ YDOXH 7KH LGHD LV WR DVVHVV WKH
YDOXH RI XSJUDGHV ZKLFK LPSURYH WKH RSHUDWLRQDO IOH[LELOLW\ RI D
FRQYHQWLRQDO SRZHUSODQW DQG WREDVH WKLV DVVHVVPHQW RQ WKH IXOO
RSHUDWLRQ SURILOH7KH RSHUDWLRQDO IOH[LELOLW\ XSJUDGH YDOXH UHVXOWV
IURPWKHFRPSDULVRQRIWKHRSWLPL]HGGLVSDWFKRIWKHEDVHOLQHSRZ
HUSODQWZLWKWKHRSWLPL]HGGLVSDWFKRIWKHLPSURYHGSRZHUSODQW
7KH FRPSDULVRQ RI WKH UHVXOWLQJ GLVSDWFKHVZRXOG GHOLYHU LQVLJKWV
LQWRWKHYDOXHRIWKHLPSURYHPHQWLQYDULRXVDVSHFWVLQFOXGLQJWKH



























7RGHPRQVWUDWHKRZ WKHEHQHILWV RI D JLYHQRSHUDWLRQDO IOH[LELOLW\
LPSURYHPHQWDUHPDUNHWGHSHQGHQWDUDPSUDWHDFFHOHUDWLRQZLWK
UHGXFWLRQ RI PLQLPXP ORDG DQG UHGXFWLRQ RI VWDUWXS IXHO LV DV
VHVVHG LQ WKH 6SDQLVK PDUNHW IRU WKH \HDUV  DQG  DW D




7KH SRZHU SODQW DQG LWV UHWURILWWHG YHUVLRQ DUH GLVSDWFKHG LQ WKH
6SDQLVKPDUNHW  DQG  7KH GLVSDWFK LV RSWLPL]HG LQ WKH
GD\DKHDGPDUNHWRQO\DQGWKHQLQWKHGD\DKHDGPDUNHWZLWKLQ








7KH UHVXOWV LQ 7DEOH  VKRZ WKDW WKH LQWUDGD\PDUNHWV DQG WKH
PDUNHWIRUIUHTXHQF\FRQWUROLQIOXHQFHWKHYDOXHRIRSHUDWLRQDOIOH[
LELOLW\ )RU WKLV SDUWLFXODU SRZHU SODQW DQG PDUNHW HQYLURQPHQW
WKH UHVXOWV VKRZ WKDW WKH RSHUDWLRQDO IOH[LELOLW\ SURGXFW KDVPRUH
YDOXH LQ WKH \HDU  WKDQ LQ WKH \HDU  LI QR FDSDFLW\ LV
UHVHUYHG IRU IUHTXHQF\ FRQWURO 7KH FDSDFLW\ UHVHUYDWLRQ IRU IUH
TXHQF\FRQWUROKRZHYHU LQFUHDVHV WKHYDOXHRI WKHSURGXFWZKHQ
FRPSDUHG WR GD\DKHDG RQO\ DQG GD\DKHDG ZLWK LQWUDGD\ DUEL
WUDJH ,QWUDGD\ DUELWUDJH DOVR LQIOXHQFHV WKH YDOXH RI WKH SURGXFW
ZKHQ FRPSDUHG WR WKH GD\DKHDG PDUNHW RQO\ EXW LQ D VPDOOHU
UDQJHWKDQ IUHTXHQF\FRQWURO ,QWKH\HDU LQWUDGD\DUELWUDJH
LQFUHDVHG WKH GD\DKHDG YDOXH RI WKH SURGXFWZKHUHDV LQ  LW
GHFUHDVHG LW7KH VWDWLVWLFDO DQDO\VLV RI WKH ,QWUDGD\SULFHV LQ WKH
\HDUDQGVKRZVWKDWWKHSULFHVKDYHOHVVYDULDELOLW\DQG
ORZHU DYHUDJH YDOXH LQ  WKDQ ZKLFK H[SODLQV WKLV UHVXOW
DQGPLJKW EH GXH WR WKH VOLJKWO\ UHGXFHG UHQHZDEOHV LQIHHG 7KLV
DVVHVVPHQW GHPRQVWUDWHV WKDW FRPSUHKHQVLYH IOH[LELOLW\ VWXGLHV
















6SDLQ    
6SDLQ    

 6HFWLRQFRQFOXVLRQ
7KH PDUNHWV LQWHQGHG WR LQFHQW RSHUDWLRQDO IOH[LELOLW\ KDYH EHHQ
LGHQWLILHG7KHGLVSDWFKRSWLPL]DWLRQDOJRULWKPKDVEHHQLPSURYHG
WRDFFRXQWIRUWKHVHPDUNHWV$VWKHVFDUFHOLWHUDWXUHVKRZVWDNLQJ
WKHVH PDUNHWV LQWR DFFRXQW LV QRW D VWUDLJKWIRUZDUG DSSURDFK ,Q
WKLVZRUN WKH LQWUDGD\PDUNHW KDV EHHQ LQFOXGHG DV DQ DUELWUDJH
RSWLRQDQGWKHIUHTXHQF\FRQWUROFDSDFLW\UHVHUYDWLRQDVDQRSSRU
WXQLW\ FRVW RSWLPL]DWLRQ WDVN 7KH PHWKRG LPSURYHV WKH VWDWH RI
WKH DUW HTXDWLRQV WR LQFOXGH SDUWORDG HIILFLHQF\ GHJUDGDWLRQ DQG
WKHGLIIHUHQWWLPHVFDOHVRIWKHLQWHUGHSHQGHQWPDUNHWV7KH(XUR
 
SHDQ PDUNHWV IRU IUHTXHQF\ FRQWURO SURFXUHPHQW KDYH EHHQ
SDUDPHWUL]HGWRREWDLQDVLQJOHPRGHO$VLQHYHU\PDUNHWZLWKRXW
D VLQJOH SULFH VLJQDO FRQWLQXRXV ELGGLQJ SD\DVELG WKH SULFH
WDNHUSHUVSHFWLYHUDLVHVWKHGLIILFXOW\RIWKHSULFHVLJQDOGHILQLWLRQ
7KH PRGHO KDV DOVR EHHQ LPSURYHG YLD WKH LQFOXVLRQ RI WKH FRP
ELQHGKHDWDQGSRZHUSURYLVLRQ$FDVHVWXG\LQWKH6SDQLVKPDU
NHW HQYLURQPHQW KDV VKRZQ WKDW WKH YDOXH UHJDUGLQJ \HDUO\ SURILW
LQFUHDVHLVVHQVLWLYHWRZKLFKPDUNHWWKHSRZHUSODQWLVGLVSDWFKHG















WLRQV DQG DVVXPSWLRQV PLJKW OHDG WR GLVFUHSDQFLHV EHWZHHQ WKH
SRZHU SODQWʑV UHDO GLVSDWFK DQG WKH RQH REWDLQHG E\ VROYLQJ WKH
SURSRVHG SUREOHP :KHQ FRPSDULQJ WZR RSHUDWLRQDO SURILOHV IRU







WLRQ0DUNHW OLTXLGLW\ LV WKXV DYDOLGLW\ LQGLFDWRU IRU WKH DVVXPS
WLRQ WKDW WKH SRZHU SODQW RSHUDWRUV VHOO WKHLU SURGXFWLRQ RQ WKH
ZKROHVDOH PDUNHWV 7KH 2IILFH RI *DV DQG (OHFWULFLW\ 0DUNHWV
2)*(0GHILQHVWKHOLTXLGLW\RIDPDUNHWDVʕWKHDELOLW\WRTXLFN
O\EX\RUVHOODFRPPRGLW\ZLWKRXWDVLJQLILFDQWFKDQJHLQLWVSULFH
DQGZLWKRXW LQFXUULQJ VLJQLILFDQW WUDQVDFWLRQ FRVWVʕ >@$FFRUG
LQJWRWKLVGHILQLWLRQWKHOLTXLGLW\RUPDUNHWGHSWKLPSDFWRIYRO
XPHRQSULFHLVDOVRDPHDVXUHRIWKHYDOLGLW\RIWKHLQILQLWHPDU
NHW DVVXPSWLRQ ZKLFK KDV EHHQ XVHG WR VWDWH WKDW WKH GLVSDWFK
GHFLVLRQRIDVLQJOHXQLWGRHVQRWDIIHFWPDUNHWSULFHV$QRWKHUDV
SHFWKLJKOLJKWHGE\WKHPHDVXUHRIWKHPDUNHW OLTXLGLW\ LVKRZRI




8QLRQ (OHFWULFLW\ 0DUNHW *ORVVDU\ >@ LQ WKH FRQWH[W RI HQHUJ\
PDUNHWVWKHFKXUQIDFWRULVʔDIUHTXHQWO\XVHGLQGLFDWRURIOLTXLGL
W\ >ʛ@ LH WKHQXPEHURI WLPHVHOHFWULFLW\JHQHUDWHG LQDPDUNHW




NHUV H[SUHVVHGDV DPXOWLSOH RISK\VLFDO FRQVXPSWLRQʕ >@$&(5
DQG &((5 >@ UHSRUW WKH FKXQN IDFWRU DQG WUDGLQJ YROXPHV RQ
IRUZDUGPDUNHWVDQG UDWLREHWZHHQ WUDGHGYROXPHDQGGHPDQG LQ
LQWUDGD\ PDUNHWV LQ (XURSH 7KH IRUZDUG PDUNHWʑV OLTXLGLW\ UH
SRUWHG E\ >@ VKRZV WKDW *HUPDQ\ $XVWULD /X[HPEXUJ WKH
8QLWHG .LQJGRP 1RUGLF FRXQWULHV DQG )UDQFH VLQFH  KDYH
VDWLVIDFWRU\ OLTXLGLW\ 6SDLQ ,WDO\ DQG WKH 1HWKHUODQGV GR QRW
7KHVH FRQFOXVLRQV DUH FRUURERUDWHG E\ WKH UHSRUWHG WUDGLQJ YRO
XPHV >@ ,Q 6SDLQ ,WDO\3RUWXJDO DQG*UHDW%ULWDLQ IRO
ORZHG E\*HUPDQ\$XVWULD/X[HPERXUJ KDG WKH KLJKHVW LQWUDGD\
OLTXLGLW\>@

:LWK ORZ GHPDQG HODVWLFLW\ DQG IHZ FRPSHWLWRUV WKH HOHFWULFLW\
SULFHV DUHPRUH OLNHO\ WRGHYLDWH IURP WKHLU FRPSHWLWLYH OHYHO >@
VR WKDW WKHQXPEHURI FRPSHWLWRUV LQ WKHPDUNHW LVGHFLVLYH7KLV
DVSHFWGULYHVWKHYDOLGLW\RIWKHDVVXPSWLRQWKDWHOHFWULFLW\PDUNHW
SULFHVDUHD VXLWHG LQSXW VLJQDO WR WKHSRZHUSODQWRSHUDWRUʑVGLV
SDWFKGHFLVLRQV7RIXUWKHUDQVZHUWKHTXHVWLRQE\KRZPDQ\SOD\
HUV WKHPDUNHW LV XVHG WR WUDGH JRRGV WKH (XURSHDQ&RPPLVVLRQ




DWLRQ IDFLOLWDWHGE\WKHLQFUHDVH LQUHQHZDEOHV >@)UDQFHKRZ
HYHUVWLOOVKRZVKLJKPDUNHWFRQFHQWUDWLRQZLWKRQHFRPSDQ\RZQ
LQJ  RI WKH JHQHUDWLRQ FDSDFLW\ LQ  >@&RXQWULHVZLWK
DQ LQGH[ ORZHU WKDQ  PRGHUDWH PDUNHW FRQFHQWUDWLRQ DUH




WKH GHJUHH RI OLEHUDOL]DWLRQ RI PDUNHWV ,Q D OLEHUDOL]HG PDUNHW
SRZHU SODQW RSHUDWRUV KDYH WR FRPSHWH WR PD[LPL]H WKHLU SURILW
)XOO\ PHUFKDQW SRZHU SODQW DVVXPSWLRQV PLJKW QRW PHHW VRPH




WKH OLWHUDWXUH >@ $V DUJXHG LQ >@ WKH SRZHU H[FKDQJH SULFHV
DUH VHWWLQJ D UHIHUHQFH IRU FRQWUDFWV VHWWOHG RXWVLGH RI WKH SRZHU
H[FKDQJHV HJ RYHUWKHFRXQWHU RU IXWXUHV DV QR EX\HU ZRXOG
DJUHHRQWKHVHFRQWUDFWVLIKHFRXOGGREHWWHURQSRZHUH[FKDQJHV
$VSRZHUSXUFKDVHDJUHHPHQWGDWDLVQRWGLVFORVHGWRFRPHFORVHU
WR DQ DQVZHU WR WKH TXHVWLRQ ZKHWKHU OLEHUDOL]HG HQHUJ\ PDUNHWV





WKH VWDWHPDFKLQH LWVHOI DV LW FDQ EH GHILQHG WR DOORZ WUDQVLWLRQV
EHWZHHQPLQLPXP ORDG DQG QRPLQDO ORDGZLWKRXW FRQVLGHULQJ WKH
ORDGV LQEHWZHHQ VLPLODUO\WR >@7KLV VHFWLRQGLVFXVVHVZK\WKLV
LV D YDOLG DSSURDFK 7KH UHTXLUHG NQRZOHGJH KDV DOUHDG\ EHHQ
ZRUNHGRXW LQ VHFWLRQ LQ WKH IRUPRID UXOH IRU LQFHQWLYHV WR
RSHUDWHDWSDUWORDG(DFKFXUYHLQ)LJXUHFRUUHVSRQGVWRDJLY
HQHOHFWULFLW\VSRWSULFHDOORWKHUSDUDPHWHUVEHLQJHTXDO
'HSHQGLQJRQ WKHHOHFWULFLW\SULFH OHYHO WKUHH FDVHV FDQEHGLVWLQ
JXLVKHG (LWKHU WKH VORSH RI WKH SURILW IXQFWLRQ LV SRVLWLYH DQG
UHDFKHV SRVLWLYH YDOXHV ,Q WKLV FDVH WKH HFRQRPLF RSWLPXP LV WR
RSHUDWH WKH SRZHU SODQW DW IXOO ORDG $ VHFRQG FDVH LV ZKHQ WKH
VORSHLVSRVLWLYHEXWQRSRVLWLYHYDOXHFDQEHUHDFKHG,QWKLVFDVH
RSHUDWLRQDW IXOO ORDG LV VWLOO HQVXULQJPLQLPL]HG ORVVHV7KHGXUD
WLRQIRUZKLFKWKHHOHFWULFLW\SULFHVUHPDLQDWWKLVOHYHODVZHOODV
WKHVWDUWXSFRVWVGHILQHWKHHFRQRPLFWUDGHRIIDWZKLFKWKHSRZ
HU SODQW VKRXOG UHPDLQ DW IXOO ORDG RU VKXWGRZQ WR UHVWDUW ODWHU
7KHWKLUGFDVHLVZKHQWKHSURILWIXQFWLRQVORSHLVQHJDWLYH,QWKLV
FDVH WKH ORDG ZKLFK PLQLPL]HV WKH ORVVHV LV WKH ORZHVW ORDG WKH
SRZHUSODQWFDQUHDFKEHIRUHVKXWWLQJGRZQ$JDLQWKHHOHFWULFLW\
SULFH SURILOH DQG VWDUWXS FRVWV GHILQH WKH WUDGHRII DW ZKLFK WKH
SODQWVKRXOGQRWSDUNDWPLQLPXPORDGEXWVKXWGRZQWRVWDUWODW
HU 7KXV WKH WUDGHRII EHWZHHQ VKXWWLQJ GRZQ WKH SODQW DQG UH
VWDUWLQJ LW YHUVXV SDUNLQJ LW DWPLQLPXP ORDGPXVWEH RSWLPL]HG
EXWWKLVDQDO\VLVGHPRQVWUDWHVWKDWWKHUH LVQRHFRQRPLFRSWLPXP
LQSDUNLQJWKHSODQWDWSDUWORDGDERYHLWVPLQLPXPORDG7KLVRS





,Q WKH RSHUDWLRQV UHVHDUFK DQG HQHUJ\ V\VWHP DQDO\VLV ILHOGV WKH
IRUPXODWLRQ RI WKH XQLW FRPPLWPHQW SUREOHP RIWHQ LQFOXGHVPLQL
PXPXSDQGGRZQWLPHVWRHQIRUFHDPLQLPXPGXUDWLRQEHWZHHQ
WKHVH HYHQWV $V QRWHG LQ >@ DW SDJH  PLQLPXP XS DQG
GRZQWLPHV RIWHQ GR QRW DFFRXQW IRU WHFKQLFDO FRQVWUDLQWV EXW DUH
LQWURGXFHGIRUULVNRUFRVWUHGXFWLRQSXUSRVHV0RVWRIWKHGLVSDWFK
RSWLPL]DWLRQSUREOHPIRUPXODWLRQVKRZHYHUPDNHXVHRIPLQLPXP
XSDQGGRZQWLPHVZKHUHDV WKHVH UHVXOW IURPD FDVHWRFDVH HFR
QRPLFWUDGHRIILQWKHHYHQWEDVHGDSSURDFK7KLVLVPDGHSRVVLEOH
DV WKH VWDUWXS DQG VKXWGRZQ FXUYHV DUH H[SOLFLWO\ DFFRXQWHG IRU
$OO WHFKQLFDO UHVWULFWLRQV FDQ WKXVEH LQFOXGHG LQ WKHVH HYHQWV GH




WLRQ ,Q FDVH RI KLJK LQWUDGD\ SULFHV DQG D SRZHU SODQW LV LQ LWV
ʔDYDLODEOHʕVWDWHWKHDUELWUDJHRSSRUWXQLW\FDQRQO\EHWDNHQLIWKH
SULFH VLJQDO LV IRUHFDVWHG ORQJ HQRXJK LQ DGYDQFH IRU WKH SRZHU
SODQWWRVWDUWW\SLFDOO\WRKRXUVIRUDWKHUPDOSRZHUSODQW
7KH YDOLGLW\ RI WKH DVVXPSWLRQ GHSHQGV RQ WKH HYROXWLRQ RI WKH




LWLQJ IDFWRU )RU D SRZHU SODQW ZLWK  PLQLPXP ORDG DQG
PLQ UDPSLQJ FDSDELOLW\ D UDWKHU QRQIOH[LEOH SRZHU SODQW
WKLVFRUUHODWHVWRDERXWPLQXWHVOHDGWLPHEHWZHHQWKHGLVSDWFK
PRGLILFDWLRQ DQG WKH IRUHFDVWHG LQWUDGD\ SULFH UHDOL]DWLRQ 7KLV





UHDOLW\ WKH SRZHU SODQW RZQHU GLVSDWFKHV KLV SRZHU SODQW IOHHW
+RZHYHU WKH ILUVW DSSURDFK KDV EHHQ FKRVHQ DV WKH DLP RI WKLV
ZRUN LV WRSURYLGHD WRRO IRU WKHDQDO\VLVRIRSHUDWLRQDO IOH[LELOLW\
DWLQGLYLGXDOJHQHUDWLRQWHFKQRORJLHVDQGHYHQWXDOO\LQYHVWPHQWGH










EXW ZLWK WKH PDLQ GUDZEDFN WR PDNH WKH SUREOHP IRUPXODWLRQ
PRUHFRPSOH[DQGWKHUHVXOWVOHVVWUDQVSDUHQW>@7KHDXWKRUVRI
>@ GLVWLQJXLVK EHWZHHQ SUREOHP IRUPXODWLRQV ZKLFK H[SOLFLWO\
DFFRXQW IRU VWRFKDVWLFLW\ DQG GHWHUPLQLVWLF SUREOHP IRUPXODWLRQV
XVLQJVWDWLVWLFDOLQSXWV)RUDUHYLHZRIWKHILUVWRQHVVHH>@7KH
DSSURDFKSURSRVHGLQWKLVZRUNGRHVQRWLQFOXGHXQFHUWDLQW\ZLWKLQ
WKH SUREOHP IRUPXODWLRQ ,QVWHDG XQFHUWDLQW\ FDQ EH UHSUHVHQWHG
E\ D VHW RI LQSXW VFHQDULRV ZLWK JLYHQ SUREDELOLW\ GLVWULEXWLRQV
WKXV UHTXLULQJPXOWLSOH RSWLPL]DWLRQ UXQV SHU VFHQDULR *LYHQ WKH
ORZFRPSXWDWLRQ WLPH WKLVDSSURDFK LVDFFHSWDEOH0RUHRYHU VFH
QDULRUHGXFLQJPHWKRGVFDQEHDSSOLHGVHH>@
 6HFWLRQFRQFOXVLRQ
7KH DVVXPSWLRQʑV UHYLHZ KDV VKRZQ WKDW WKH GHYHORSHG FRQFHSWV
DUHDSSOLFDEOHLQDOLEHUDOL]HGPDUNHWFRQWH[WZLWKUHDVRQDEOHPDU
NHW OLTXLGLW\ IRU RSHUDWLRQDO IOH[LELOLW\ HYDOXDWLRQV IURP WKH SHU
VSHFWLYH RI D SULFHWDNHU PHUFKDQW SRZHU SODQW RSHUDWRU :KHQ
FRPSDULQJ WKH VLPXODWHGSRZHUSODQWGLVSDWFKDQG WKH UHDOSRZHU
SODQWGLVSDWFKGLIIHUHQFHVPLJKWRFFXUGXH WRQRQDSSOLFDELOLW\RI
WKHPHQWLRQHGSUHUHTXLVLWHV EXW DOVR GXH WR UHGLVSDWFKPHDVXUHV
WDNHQ E\762V LQWUDGD\ RU IUHTXHQF\ FRQWUROPDUNHW GHVLJQV QRW
PDWFKLQJ WKH GHVLJQ DFFRXQWHG IRU LQ WKLV ZRUN RU HYHQ RWKHU
PDUNHWVRUDJUHHPHQWVQRWDFFRXQWHGIRULQWKLVZRUN7KHFRPSDU
LVRQ RI WKH VLPXODWHG DQG UHDO GLVSDWFK RI WKH *HUPDQ 5RVWRFN























































































































7KHZRUNSHUIRUPHG LQ WKLVSDUWSURYLGHV WKHPHWKRGRORJLFDO IXQ
GDPHQW WR VROYH WKH VLQJOH XQLW VHOIVFKHGXOLQJ XQLW FRPPLWPHQW
DQG HFRQRPLF GLVSDWFK SUREOHP WR SHUIRUP WKH TXDQWLWDWLYH ORQJ
WHUP KLJKUHVROXWLRQ WHFKQRHFRQRPLF DVVHVVPHQW RI RSHUDWLRQDO




SHUVSHFWLYH $ VHQVLWLYLW\ DQDO\VLV KDV VKRZQ WKH LQIOXHQFH RI WKH
SRZHU SODQW GHVFULSWLRQ RQ WKH YDOXH RI IOH[LELOLW\ LQ PRQHWDU\
WHUPV 7KLV SRZHU SODQW GHVFULSWLRQ KDV DOVR EHHQ IRUPXODWHG LQ
WKHIRUPDOLVPRIDILQLWHVWDWHPDFKLQHLQWURGXFHGIRUWKHSURSRVHG
HYHQWEDVHG DSSURDFK WR WKH VHOIVFKHGXOLQJ SUREOHP 7KLV DS
SURDFK DYRLGV XQLIRUP WLPH GLVFUHWL]DWLRQ WKXV OHDGLQJ WR EHWWHU
VROXWLRQTXDOLW\7RSURYLGHDFRPSUHKHQVLYHRSHUDWLRQDOIOH[LELOLW\
DQDO\VLV D UHYLHZ RI WKH UHOHYDQW PDUNHWV KDV EHHQ SURSRVHG $
FDVH VWXG\ KDV VKRZQ WKDW D IOH[LELOLW\ VWXG\ VKRXOG LQFOXGH DW
OHDVWWKHIUHTXHQF\FRQWURODQGLQWUDGD\PDUNHWV$VWKHOLWHUDWXUH
UHYLHZKDVVKRZQLQFOXGLQJWKHVHPDUNHWVLVQRWDVWUDLJKWIRUZDUG
WDVN ,Q WKLV ZRUN LW KDV EHHQ SURSRVHG WR DGGUHVV WKH FDSDFLW\
UHVHUYDWLRQIRUIUHTXHQF\FRQWURODVDQRSSRUWXQLW\FRVWFDOFXODWLRQ
DQG WKH LQWUDGD\ PDUNHW DV DQ DUELWUDJH RSSRUWXQLW\ 7KH FDVH
VWXG\KDV VKRZQ WKDWGHVSLWH WKH LQWXLWLRQ WKDW FDSDFLW\ UHVHUYD
WLRQ IRU IUHTXHQF\ FRQWURO PLJKW UHGXFH WKH YDOXH RI D IOH[LELOLW\
LPSURYHPHQWFRPSDUHGZLWKWKHGD\DKHDGPDUNHWDORQHWKHDQD





















:KDW LV WKHYDOXHRI FRQYHQWLRQDOSRZHUSODQWVʑRSHUDWLRQDO IOH[L
ELOLW\":KDWDUHJRRGWHFKQLFDOVROXWLRQVIRUWKHUPDOSRZHUSODQWVʑ 
IOH[LELOLW\":KDW LV DSURSHU IOH[LELOLW\ UHWURILW IURPD FRPPHUFLDO
SRLQW RI YLHZ"$UH WKHPDUNHWVZHOOGHVLJQHG IRU IOH[LELOLW\ LQFHQ
WLYHV"$OOWKHVHTXHVWLRQVUHTXLUHWRTXDQWLWDWLYHO\DVVHVVWKHYDOXH
RI RSHUDWLRQDO IOH[LELOLW\ DW WKHUPDO SRZHU SODQWV LQ WKHLU PDUNHW
HQYLURQPHQW 7KLV FKDSWHU WKXV DLPV DW GHPRQVWUDWLQJ KRZ WKH
WRROVGHYHORSHGLQWKLVZRUNFDQEHXVHGWRDQVZHUWKHVHTXHVWLRQV
DWVHOHFWHGSRZHUSODQWVDQGLQVHOHFWHGPDUNHWHQYLURQPHQWV'LI
IHUHQW W\SHV RI FDVH VWXGLHV DUH SHUIRUPHG ZKLFK UHTXLUH GHILQLQJ
PDUNHWHQYLURQPHQWVSRZHUSODQWVDQGRSHUDWLRQDO IOH[LELOLW\LP
SURYHPHQWV&DOFXODWLRQVDUH FRQGXFWHGZKLFKDLPDWTXDQWLI\LQJ
WKH YDOXH RI D JLYHQ UHWURILW DV D IXQFWLRQ RI WKHPDUNHW FRQWH[W
DQGSRZHUSODQWWHFKQRORJLHV7KHVHVXSSRUW LQYHVWPHQWGHFLVLRQV







$V QRWHG LQ >@ WHFKQLFDO VROXWLRQV DUH DYDLODEOH WRPDNH FRDO
ILUHGDVZHOODVJDVILUHGSRZHUSODQWVPRUHIOH[LEOH7KHEHQHILWRI
WKHVHIOH[LELOLW\LPSURYHPHQWVWRWKHV\VWHPGHSHQGVRQWKHQDWXUH
RI WKH VDLG HQHUJ\ V\VWHP7KH DXWKRUV RI >@ VXJJHVW WKDW FRDO
UHWURILWV DUHPRUH EHQHILFLDO WR D FRDOGRPLQDWHG V\VWHPZLWK ORZ
FRDO SULFHV WKDQ WR D JDVGRPLQDWHG V\VWHP ZLWK ORZ JDV SULFHV
3RZHU SODQWV ZLWK JDV WXUELQHV VLPSOH DQG FRPELQHG F\FOH DUH
UHSRUWHG WR KDYH EHWWHU UDPSUDWH FDSDELOLWLHV WKDQ WKRVH ZLWK
VWHDP WXUELQHV VHH HJ >@7KH FRDOILUHG SRZHU SODQW IOHHW DQ
DJLQJ IOHHW PLJKW WKXV EH D EHWWHU FDQGLGDWH IRU IOH[LELOLW\ LP
SURYHPHQWV7KHVDPHVWXG\DOVR UHSRUWVEHWWHUSDUWORDGHIILFLHQ
FLHVDWJDVWXUELQHSRZHUSODQWVEXWWKHPLQLPXPORDGFDSDELOLWLHV
DUH EHWWHU DW FRDOILUHG SRZHU SODQWV WKDQ JDVILUHG RQHV $ IDLU
DQDO\VLVZRXOG WKXV FRPSDUH WKH HIILFLHQF\ GURS IRU D FRPSDUDEOH
ORDG GURS 5HJDUGLQJ HPLVVLRQV >@ UHSRUWV WKDW RQ DYHUDJH DW
PLQLPXPFRPSODLQWORDGJDVWXUELQHVSURGXFHPRUH12[EXWOHVV
&2 DQG 62[ HPLVVLRQV WKDQ FRDOILUHG SRZHU SODQWV ,Q (XURSHWKHFXUUHQWIXHOSULFHVOHDGWRDPHULWRUGHUUDQNLQJWKHJHQHUDWLRQ








LQ )UDQFH WKH GUDVWLF UHGXFWLRQ RI FRDO JHQHUDWLRQ LQ WKH 8QLWHG
.LQJGRPDQGWKHGHEDWHRIDFRDOH[LW LQ*HUPDQ\2QWKHRWKHU
KDQGVRPHFRXQWULHVOLNH3RODQG,QGLDDQG&KLQDDUHOLNHO\WRUH
O\ RQ FRDO WR EULGJH WKH WLPHV RI WKH HQHUJ\ WUDQVLWLRQ WRZDUG D
VXVWDLQDEOH V\VWHP 7KH FDVH VWXGLHV SHUIRUPHG LQ WKLV ZRUN GH
VSLWHEHLQJDSSOLFDEOHWRDOOGLVSDWFKDEOHWHFKQRORJLHVIRFXVRQDQ


















$ VWUDLJKWIRUZDUG FOXVWHULQJ RI WKHUPDO FRDOEDVHG JHQHUDWLQJ
SODQWVPDNHVXVHRIWKHFRPEXVWLRQWHFKQRORJ\DQGFKDUDFWHULVWLFV
RI WKH VWHDP F\FOH 7KH FRPEXVWLRQ WHFKQRORJLHV DUH GLYLGHG LQWR
WKHIOXLGL]HGEHGWHFKQRORJ\SXOYHUL]HGFRDOWHFKQRORJ\DQGVWRNHU
WHFKQRORJ\'XHWRWKHSUHGRPLQDQFHDQGPRUHH[WHQGHGRSHUDWLRQ
H[SHULHQFH >@ WKLV VWXG\ LV OLPLWHG WRSXOYHUL]HG FRDO WHFKQROR
JLHV7KHVWHDPF\FOH LVRIWHQVXEGLYLGHGDORQJWKHJURZLQJVWHDP
SUHVVXUH DQG WHPSHUDWXUH LQ VXEFULWLFDO 8& VXSHUFULWLFDO 6&
DQG XOWUDVXSHUFULWLFDO F\FOHV 86& ZLWK HYHQ DGYDQFHG XOWUD
VXSHUFULWLFDO F\FOHV D86& 7KLV ZRUGLQJ UHIHUV WR WKH FULWLFDO
SRLQW RI ZDWHU VR WKDW WKH VWHDP FRQGLWLRQV DUH VXEFULWLFDO EHORZ






7KHGDWDKDVEHHQFROOHFWHG IURPYDULRXV DOVRJUH\ OLWHUDWXUH UH
VRXUFHV7KHJHQHUDOGDWDUHJDUGLQJSRZHUSODQWW\SHQRPLQDOQHW
RXWSXW HIILFLHQF\ DQG SDUWORDG EHKDYLRU DUH WDNHQ IURP >@
>@ >@ >@ >@7KH GDWD VHW LV WKXV EDVHG RQ UHDOZRUOG
SRZHU SODQWV EXWPLVVLQJXQGLVFORVHG GDWD LV LQIHUUHG IURP RWKHU
OLWHUDWXUH UHVRXUFHV 7KH WLPHO\ YDULDWLRQ RI WKH SRZHU SODQW HIIL
FLHQF\ZLWK DPELHQW WHPSHUDWXUH LV QRW WDNHQ LQWR DFFRXQW LQ WKH
SRZHUSODQWPRGHO:KHQVLPXODWLQJSRZHUSODQWVLQDZDUPHUHQ
 
YLURQPHQW DV IRU WKH FDVH VWXG\ LQ ,QGLD RU7XUNH\ WKH UHGXFHG
SODQW HIILFLHQF\ LV KRZHYHU WDNHQ LQWR DFFRXQW >@:KHQ LQIRU
PDWLRQ LVPLVVLQJDERXWWKHPLQLPXPORDGHIILFLHQF\DVVXPSWLRQV
DUHPDGHEDVHGRQ>@>@DQG>@)LJXUHLQ>@SURYLGHV
D GDWD EDVLV IRU SDUWORDG HIILFLHQF\ DW VXEFULWLFDO KDUG FRDOILUHG
XQLWV$WRIQRPLQDO ORDG WKH ORVVRI HIILFLHQF\ OLHVE\
%DVHG RQ >@ VXSHUFULWLFDO XQLWV DUH DVVXPHG WR KDYH RQO\ WKH
KDOIRIWKLVORVV>@VKRZVDIDFWRUWZREHWZHHQOLJQLWHDQGKDUG
FRDOILUHGXQLWVSDUWORDGGHJUDGDWLRQRIHIILFLHQF\)LJXUHFRP
SDUHV WKH SDUWORDG HIILFLHQF\ GHJUDGDWLRQ RI WKH GHILQHG SRZHU
SODQWV >@ SURYLGHV JHQHUDO GDWD DERXW PLQLPXP ORDG OHYHOV
1RPLQDOORDGHIILFLHQFLHVZKHQQRWDYDLODEOHDUHWDNHQIURP>@
$UDWHRIKRXVH ORDGLVDVVXPHGIRUDX[LOLDU\HTXLSPHQW'DWD
IURP WKH OLWHUDWXUH UHJDUGLQJ WKH VWDUWXS IXHO FRQVXPSWLRQ KDV
EHHQ FRPSDUHG WR QRQGLVFORVDEOH SRZHU SODQW RSHUDWRU GDWD VHH
7DEOH  7KH OLWHUDWXUH UHVRXUFH >@ PDWFKHV WKH PHDQ YDOXHV
FROOHFWHG IURP SODQW RSHUDWRUV DQG LV WKHUHIRUH XVHG IRU WKH FDVH
VWXG\7KHUHSDUWLWLRQEHWZHHQPDLQIXHODQGLJQLWLRQIXHOREVHUYHG
LQ WKH SODQW RSHUDWRU GDWD LV XVHG LQ WKH FDVH VWXG\ %DVHG RQ
>@ OLJQLWHDQGKDUGFRDOILUHGSODQWVZLWKWKHVDPHVWHDPF\FOH




O\ DOVR VXSHUFULWLFDO SODQWV UHTXLUH D ORZHU RYHUDOO KHDW LQSXW
6WDUWXS GXUDWLRQV DUH FROOHFWHG IURP >@ >@ DQG >@ 7KH
ODWWHU DOVR SURYLGHV D EDVLV IRU WKH VWDUWXS HOHFWULFLW\ SURGXFWLRQ
FXUYH7KHXQLW UDPSUDWHV DUH WDNHQ IURP >@ >@ >@ DQG
>@$VQRVSHFLILFGDWDLVSURYLGHGWKHSRZHUSODQWUDPSLQJFD
SDELOLW\IRUVHFRQGDU\DQGWHUWLDU\IUHTXHQF\FRQWUROLVDVVXPHGWR
EH WKH VDPH DV WKH ORDG IROORZLQJ UDPSUDWHV DQG WKH VWDQGDUG
SHUVHFRQGVIRUSULPDU\FRQWUROLVDVVXPHG7KHUDPSUDWHV
DIWHUDVWDUWXSHYHQWDUHDVVXPHGWREHGHFUHDVLQJZLWKWKHFRP
SRQHQW WHPSHUDWXUH WKHFROGHU WKH VWDUWXS WKH VORZHU WKH UDPS
UDWH7KHHYHQWVSHFLILFPDLQWHQDQFHFRVWVVHH7DEOHDUHWDNHQ
IURP >@ >@ DQG >@ 7KH UDQJH RI YDOXHV IRXQG LQ WKH
OLWHUDWXUH LV YDVW $FFRUGLQJ WR >@ VXSHUFULWLFDO DQG XOWUD
VXSHUFULWLFDOSODQWVKDYHPRUHFRQVLGHUDEOHPDLQWHQDQFHFRVWVWKDQ
VXEFULWLFDOSODQWV>@LQGLFDWHVWKDWVXSHUFULWLFDOXQLWVVHHD
FRVW LQFUHDVH FRPSDUHG WR VXEFULWLFDO XQLWV+RZHYHU ROGHU SODQWV
KDYH PRUH FRQVLGHUDEOH F\FOLQJUHODWHG PDLQWHQDQFH FRVWV WKDQ
QHZHURQHVHVSHFLDOO\ZKHQWKH\KDYHUHDFKHGKDOIRIWKHLUOLIHWLPH
>@$V WKH VXEFULWLFDO IOHHW LV ROGHU D FRPSDUDEOH HYHQWVSHFLILF
PDLQWHQDQFH FRVW LV DVVXPHG IRU VXEFULWLFDO DQG VXSHUFULWLFDO
 
WHFKQRORJLHV 7KH VWDWLF FRQWLQXRXV PDLQWHQDQFH FRVWV FRPSRQHQW
LQWURGXFHG LQ WKLV ZRUNʑV SRZHU SODQW PRGHO DGGV XS RYHU WKH
ZKROH SODQW OLIHWLPH LQGHSHQGHQW RI LWV RSHUDWLRQ DQG FRPSULVHV
DJLQJ RI FRPSRQHQWV OLNH FUHHS FRQVXPDEOHV OLNH DPPRQLXP IRU
IOXH JDV WUHDWPHQW DV ZHOO DV FUHZ FRVWV ,Q WKH RSHUDWLRQ UHJLPH
DERYHPLQLPXPWHFKQLFDO ORDGD ORDGSURSRUWLRQDOSDUWFRPSULVHV
DJLQJRIFRPSRQHQWVOLNHFUHHSGXHWRSUHVVXUHRUFHQWULIXJDOIRUFHV
ZKHUHDV WKH VWDWLF FRPSRQHQW LV LQFUHDVHG GXH WR KLJKHU FUHZ RU
FRQVXPDEOHVFRVWV7KH OLWHUDWXUHUHIHUHQFHVGRQRWGLVWLQJXLVKEH
WZHHQ WKH RSHUDWLQJ DQG DYDLODEOH RSHUDWLQJ UHJLPH PDLQWHQDQFH
FRVWV ܿ݉଴ DQGܿ݉௛ VR WKDW WKLV ZRUN DVVXPHV WKDW  RI WKHFRVWVIRXQGLQ>@DQG>@DUHDOORFDWHGWRWKHVWDWLFFRQWLQXRXV





WZHHQ WKRVH GULYHQ E\ WKH HOHFWULFLW\ GHPDQG RU WKRVH GULYHQ E\
WKH KHDW GHPDQG 7KLV ZRUN DVVXPHV WKDW WKH KHDW GHPDQG KDV
SULRULW\ PXVWUXQ FRQGLWLRQ ZKHQ KHDW LV UHTXLUHG DQG WKDW WKH
HOHFWULFLW\ SURGXFWLRQ LV RSWLPL]HG ZLWKLQ WKH UHPDLQLQJ FDSDFLW\
DQG IOH[LELOLW\ OLPLWV ,Q 'HQPDUN WKH GLVWULFW KHDWLQJ PDUNHW LV
UHJXODWHG )RU ODUJH VFDOH &+3 SODQWV WKH HOHFWULFLW\ SURGXFWLRQ
IROORZV WKH GHUHJXODWHG PDUNHW UXOHV DQG WKH KHDW WKH UHJXODWHG
PDUNHW UXOHV 7KH QRQSURILW SULQFLSOH DSSOLHV VR WKDW KHDW LV
UHPXQHUDWHGDWSURGXFWLRQFRVW>@,WLVDVVXPHGKHUHWKDWWKHVH
SURGXFWLRQFRVWVDSSUR[LPDWHO\HTXDOWKH IXHOFRVWV7KHGLIILFXOW\
WKHQ OLHV LQ WKH DOORFDWLRQ RI IXHO FRQVXPSWLRQ EHWZHHQ HOHFWULFLW\
DQG KHDW )RU WD[ SXUSRVHV WKH 'DQLVK (QHUJ\ $JHQF\ UHFRP
PHQGV WKH XVH RI D  HIILFLHQF\ RQ WKH KHDW VLGH VR WKDW









7KH QDPLQJ FRGH XVHG IRU WKH SRZHU SODQW LGHQWLILFDWLRQ FRQWDLQV
WKUHH WDJV7KH ILUVW RQH DOORZV GLVWLQJXLVKLQJ EHWZHHQ VXEFULWLFDO





SDUDPHWHUV ,W LV HLWKHU EDVHG RQ D UHDO SRZHU SODQW ZLWK VLPLODU
FKDUDFWHULVWLFV RU D SDUWLFXODU FKDUDFWHULVWLF RI WKHSODQW ROGHU RU
VPDOOHUSODQWIRULQVWDQFH





IRU FRPSDULVRQ DQG WKH HIILFLHQF\ LV GHSLFWHG XQWLO  RI WKH
QRPLQDO ORDGHYHQ LI WKHSRZHUSODQWVGRQRWUHDFKWKLV ORZ OHYHO
RIPLQLPXP VWDEOH RSHUDWLRQ$V WKH OLWHUDWXUH UHYLHZKDV VKRZQ
RSHUDWLRQDO IOH[LELOLW\PHWULFV GHILQH D IOH[LELOLW\ WULQLW\ FRPSRVHG
RI UDPSUDWHSRZHUDQG HQHUJ\5DPSUDWHV UHIHU WR WKH ORDGGLI
IHUHQFHEHWZHHQWZRVWHDG\VWDWHVGLYLGHGE\WKHWLPHUHTXLUHGIRU
WKHSRZHUSODQW WR FKDQJH WKH ORDG IURP WKH ILUVW OHYHO WR WKH VH
FRQG RQH 5DPSUDWHV DUH WKXV WKH SDUDPHWHU DOORZLQJ WR GHULYH
HQHUJ\IURPSRZHU7KHSRZHUSODQWPRGHOLQWURGXFHGLQWKLVZRUN
GLVWLQJXLVKHVEHWZHHQ WKH UDPSUDWHV DIWHU HDFK VWDUWXS W\SHEH
IRUH VKXWGRZQ DQG WKH ORDGIROORZLQJ RQHV 7KHVH UDPSUDWHV DUH
FRQVLGHUHG FRQVWDQW RYHU WKH ZKROH PLQLPXP ORDG WR IXOO ORDG
UDQJH7KHPLQLPXPFRPSODLQW ORDGZKLFK LV WKH ORZHUERXQGWR
SRZHU LV WKXV GHSLFWHGZLWK WKH UDPSUDWHV VHH )LJXUH :LWK
UHJDUG WR UDPSUDWHV DQGPLQLPXP ORDG WKHPRVW IOH[LEOH SODQWV
DUH WKXV ORFDWHG LQ WKH XSSHU OHIW VLGH RI WKH ILJXUH ZKHUHDV WKH
OHVV IOH[LEOHRQHVDUH ORFDWHG LQ WKH ULJKWKDQG VLGH ORZHVWSDUWRI
WKH ILJXUH 7KH SRZHU SODQW HIILFLHQF\ JLYHV DQ LQGLFDWLRQ RI WKH





























































































LPSURYHPHQWV7KH ILUVW VXEVHFWLRQGHVFULEHVD IOH[LELOLW\ LPSURYH
PHQWWREHDSSOLHGWRWKHZKROHSRZHUSODQWVHW7KHVHFRQGVXE
VHFWLRQʑV IRFXV LV VHW RQ WZR *HUPDQ SRZHU SODQWV 7KH IRFXV RI
WKLVVHFWLRQLVQRWRQWKHGHVFULSWLRQRIWKHWHFKQLFDOIOH[LELOLW\LP
SURYHPHQWLQLWVHOIDVLWKDVEHHQGRQHLQWKHOLWHUDWXUHEXWUDWKHU
RQ LWV LPSDFW RQ WKH SRZHU SODQWʑV RSHUDWLRQDO IOH[LELOLW\ 'DWD
DYDLODEOH LQ WKH OLWHUDWXUH LV FROOHFWHG DQG FRQIURQWHGDQGXVHG WR
VXSSRUWWKHDVVXPSWLRQVHOHFWLRQ
 'HFRXSOLQJWKHSRZHUSODQWG\QDPLFV
,QGLUHFW ILULQJ LV D IRUP RI IXHO VWRUDJH WR GHFRXSOH WKH SRZHU
SODQWʑV VWHDP F\FOH G\QDPLFV IURP WKH PLOO G\QDPLFV &RDO LV
PLOOHG GULHG DQG HYHQWXDOO\ VWRUHG DKHDG RI WKH FRPEXVWLRQ
SURFHVV>@7KLVLPSURYHPHQWDOORZVIRUDQLQFUHDVHLQWKHSRZHU
SODQW UDPSUDWHV DQG UHGXFWLRQ RI VWDUWXS GXUDWLRQV DQG LJQLWLRQ
IXHOFRQVXPSWLRQ >@7KH LQFUHDVHG OLIHWLPHFRQVXPSWLRQGXHWR
WKHVWHHSHUUDPSUDWHVLVGRFXPHQWHGLQ.XPDUHWDO7KLV
LQFUHDVHGHSHQGVRQWKHSDVWRSHUDWLRQRIWKHSRZHUSODQWDQGWKH
UHODWHG DFFXPXODWLRQ RI FUHHS DQG IDWLJXH $V WKH SRZHU SODQW LV
DVVXPHGWRJRWKURXJKDUHWURILWLPSURYLQJLWVUDPSLQJFDSDELOLW\
WKLVZRUN DVVXPHV VOLJKWO\ ORZHUPXOWLSO\LQJ IDFWRUV WKDQ LQ .X
PDUHWDO

7DEOH  VKRZV WKH GDWD FROOHFWLRQ IRU WKH UDPSUDWH LQFUHDVH
UHDFKHGYLDLQGLUHFWILULQJDQGWKHVHOHFWHGGDWDDVVXPSWLRQIRUWKH
GLIIHUHQW WHFKQRORJLHV7KHPXOWLSO\LQJ IDFWRU IRU WKHPDLQWHQDQFH
FRVWV LQFUHDVH LV LQFOXGHG 7DEOH  DQG 7DEOH  VKRZ WKH GDWD
FROOHFWLRQ IRU WKH RWKHU LPSURYHGSRZHU SODQW SDUDPHWHUV DW KDUG




WKH EDVHOLQH SRZHU SODQWV EXW HQG DW WKH UHWURILWWHG ORZHU PLQL
PXPORDGWKXVUHDFKLQJDVWDUWXSGXUDWLRQUHGXFWLRQLQOLQHZLWK
WKHSRZHUSODQWʑVSDUWLFXODUSURFHVV)RUWKHKDUGFRDOILUHGSRZHU
SODQWV WKH LQGLUHFW ILULQJDOORZVUHGXFLQJWKHPLQLPXPILULQJUDWH
WRRI LWVQRPLQDOYDOXH7KH ILULQJ UDWHEHLQJSURSRUWLRQDO WR
WKHORDG>@WKHGRFXPHQWVUHSRUWLQJWKHSHUIRUPDQFHVRILQGLUHFW
ILULQJDVVXPHDPLQLPXPORDGUHGXFWLRQWRDOVRRILWVQRPLQDO
YDOXH2SHUDWLRQDO H[SHULHQFH LV QRW UHSRUWHG EXW FRPPHUFLDO RS
HUDWLRQ DW  RI QRPLQDO ORDG LV UHSRUWHG DW WKH*HUPDQ SRZHU
SODQWV+HLOEURQQDQG%H[EDFK>@7KLVSHUIRUPDQFHLVDFKLHYHG
YLD RQHPLOO RSHUDWLRQ EXW VKRZV WKDW YHU\ ORZ ORDG RSHUDWLRQ DW
WKHVHOHYHOVLVDOVRSRVVLEOHRQWKHVWHDPF\FOHVLGH)RUOLJQLWHILUHG
SRZHUSODQWV WKHXVHRIGU\ OLJQLWHGRHVQRWDOORZVXFKGHHS ORDG





SRZHU SODQW FRVW LQ >@$9DWWHQIDOO IO\HU DGYHUWLVHV DQ LQYHVW






































































 %DVHOLQH 5HWURILW 6HOHFWHGUHWURILW
0LQLPXPORDGDV
RIQRPLQDOORDG




























7KH SRZHU SODQW 5RVWRFN LV D VXEFULWLFDO KDUG FRDOILUHG SRZHU
SODQWZLWK IXHO RLO DV D VXSSRUW IXHO7KH6FKZDU]H3XPSHSRZHU
SODQW LV D VXSHUFULWLFDO OLJQLWHILUHG SRZHU SODQWZLWK IXHO RLO VXS
SRUW3XEOLVKHG GDWD DERXW WKHVH SRZHU SODQWV KDYH EHHQ XVHG WR
GHILQHWKHSRZHUSODQWV8&+5DQG6&/63LQWKHSUHYLRXVVHF
WLRQ%RWKSRZHUSODQWVKDYHEHHQFLWHGLQVRPHVWXGLHVUHJDUG
LQJ SRZHU SODQW UHWURILWV 7KH VWXG\ >@ DGGUHVVHV D UHWURILW DW
WKH5RVWRFN SRZHU SODQW ZKLFK GHFUHDVHV WKHPLQLPXP ORDG DQG
LQFUHDVHVPLQLPXPORDGHIILFLHQF\DQGUDPSUDWHVVHH7DEOH,Q




>@ OLVWV SRVVLEOH UHWURILWV OHDGLQJ WR SRZHU SODQW IOH[LELOL]DWLRQ
7KH PLQLPXP ORDG UHGXFWLRQ IRU LQVWDQFH PLJKW EH UHDFKHG YLD
RQHPLOO RSHUDWLRQ RU GULHGOLJQLWH ILULQJ 7KH UDPSUDWH LQFUHDVH
PLJKW EH DFKLHYHGXVLQJ WKLFNZDOO FRPSRQHQWV UHWURILWWLQJ RU XS















EOH UHQHZDEOHV LQWHJUDWLRQ >@ 7KH PRUH DGYDQFHG SKDVH WKH
3KDVHLVDERXWVKRUWWHUPVWDELOLW\3KDVHLVWLWOHGʔ)OH[LELOLW\
LV NH\ʕ3KDVH  UHTXLUHV VROHO\EHWWHU RSHUDWLRQV WR DFFRPPRGDWH
YDULDEOHUHQHZDEOHV$W3KDVHYDULDEOHUHQHZDEOHHQHUJ\95(
LVQRWQRWLFHDEOHWRWKHV\VWHPRSHUDWRU)RUHDFKRIWKHVHOHYHOVD
VHOHFWLRQ RI FRXQWULHV LV SURYLGHG ZKLFK KDV EHHQ XVHG WR VHOHFW
 
EDVHGRQGDWDDYDLODELOLW\DVWLPHVHULHVRIHOHFWULFLW\VSRWSULFHV
DUH UHTXLUHG WKH FRXQWULHV DVVHVVHG LQ WKLV FDVH VWXG\ QDPHO\
'HQPDUN ,UHODQG *HUPDQ\ 6SDLQ ,QGLD 6ZHGHQ )UDQFH DQG
7XUNH\7KHWZRODVWFRXQWULHVKDYHQRWEHHQFODVVLILHGLQ>@EXW
DUHDVVXPHGWREHORQJWRWKH3KDVHFDWHJRU\$PRQJWKHVHOHFWHG






ELOLW\RI WKHGHYHORSHGPHWKRGRORJ\ WR WKH ,QGLDQFRQWH[W LVKRZ
HYHU TXHVWLRQDEOH DV WKLVPDUNHW LV QRW IXOO\ OLEHUDOL]HG >@$V
RSHUDWLRQDO IOH[LELOLW\ DQG HVSHFLDOO\ ORZHU PLQLPXP ORDG LV D
PXFKGHPDQGHG WRSLF LQ ,QGLD WKH FDVH VWXG\ ZLOO EH SHUIRUPHG
XVLQJWKHHOHFWULFLW\VSRWSULFHVDWWKH,QGLDQHQHUJ\H[FKDQJH$V
LQ 6ZHGHQ WKH UHOLDQFH RQ IRVVLO IXHOV LV VFDUFH LQ ,UHODQG7KHUH
IRUH WKH FDVH VWXG\ FDOFXODWLRQV DUH OLPLWHG WR WKH FRXQWULHV'HQ





LQ >@ DV ZHOO DV WKH FDSDFLW\ SURFXUHPHQW VFKHPH WDNHQ IURP
>@ 7KH GHILQLWLRQV SURYLGHG E\ WKH (XURSHDQ 1HWZRUN RI
7UDQVPLVVLRQ 6\VWHP 2SHUDWRUV IRU (OHFWULFLW\ HQWVRH DUH WKH
IROORZLQJ D ELODWHUDO PDUNHW UHOLHV RQ FRQWUDFWLQJ EHWZHHQ 762V
DQG JULG XVHUV DQ RUJDQL]HG PDUNHW UHOLHV RQ D YROXQWDU\
SDUWLFLSDWLRQRIJULGXVHUVRQDPDUNHWSODWIRUPPDQGDWRU\RIIHUV
DUH WKH REOLJDWRU\ RIIHULQJ RI UHPDLQLQJ FDSDFLW\ DQG PDQGDWRU\
SURYLVLRQLVWKHREOLJDWRU\UHVHUYDWLRQRIDJLYHQFDSDFLW\
,Q)UDQFH DXWRPDWLF IUHTXHQF\ UHVWRUDWLRQ D)55DQG IUHTXHQF\
FRQWDLQPHQW )&5 DUH UHVHUYHG YLD REOLJDWLRQV DQG WKH SULFH IRU




ZHHNRU IRUSHDNRIISHDN WLPHVRI WKHZHHNYLDDQDQQXDO WHQGHU
FDOO>@'HQPDUNLVGLYLGHGLQWRWZR]RQHV'.:HVWFRQQHFW
HG WR*HUPDQ\ DQG'. (DVW FRQQHFWHG WR 6ZHGHQ'. KDV
D)&5 D))5 VXSSO\ DELOLW\ D)55 DQGP)55 '. KDV D)&5
'LVWXUEDQFHV D)&5 1RUPDO RSHUDWLRQ D)55 VXSSO\ DELOLW\ DQG
P)55>@3ULPDU\UHVHUYHVD)&5LQ'.DUHRUJDQL]HGLQFRO
 
ODERUDWLRQZLWK 6ZHGHQ 7HUWLDU\ UHVHUYH P)55 SURFXUHPHQW LV
FRPPRQWR1RUZD\6ZHGHQ'HQPDUNDQG)LQODQG*HUPDQ\KDV
IRXU WUDQVPLVVLRQ RSHUDWRUV VKDULQJ D FRPPRQ SODWIRUP IRU WKH
SURFXUHPHQWRIWKUHHDQFLOODU\VHUYLFHVD)&5D)55DQGP)55
6SDLQKDVVHFRQGDU\FRQWUROD)55WHUWLDU\FRQWUROP)55DQG
DGGLWLRQDO XSZDUG UHVHUYH SRZHU $OO WKHVH VHUYLFHV DUH RSWLRQDO
EXW LI VXEVFULEHG WR WKH WHUWLDU\ FRQWURO ELGV DUHPDQGDWRU\DQG
HQHUJ\RQO\ LV UHPXQHUDWHG >@3ULPDU\ FRQWURO LV DPDQGDWRU\
QRQ SDLG VHUYLFH >@ 7KH SDUDPHWULF IUHTXHQF\ FRQWURO PDUNHW
PRGHO LQWURGXFHG ZLWKLQ WKLV ZRUN 3DUW % VHFWLRQ  DOORZV
UHSUHVHQWLQJDOOWKHVHPDUNHWVZLWKLQWKHVDPHIUDPHZRUN7KHGD
WDFROOHFWLRQXVHGIRUWKHFDOFXODWLRQLVVKRZQLQ7DEOH'DWDIRU













































































6SDLQ3RUWXJDO  0DQGDWRU\RIIHUV 2UJDQLVHGPDUNHW 0DQGDWRU\
SURYLVLRQ























SURGXFWLRQ LQGLFDWH WKH DPRXQW XVHG \HDUO\ IRU HDFK IXHO DQG WKH
FRUUHVSRQGLQJ PRQHWDU\ YDOXH /LJQLWH LV QRW XVHG IRU HOHFWULFLW\
SURGXFWLRQ LQ 'HQPDUN 7KH YDOXHV DUH VXPPDUL]HG LQ 7DEOH 
,QGLDQWKHUPDOFRDOXVHGIRUHOHFWULFLW\JHQHUDWLRQLVPDLQO\UHO\LQJ
RQGRPHVWLF FRDO DQG LPSRUWV IURP ,QGRQHVLD >@'RPHVWLF FRDO
SULFHV IRU SRZHU SODQWV DUH QRWLILHG E\ WKH &RDO ,QGLD /LPLWHG D
JRYHUQPHQW RI ,QGLD HQWHUSULVH 5HVXOWLQJ DVVXPSWLRQV DUH
SUHVHQWHG LQ7DEOH 0RQWKO\ SULFHV IRU RLO DQG QDWXUDO JDV DUH
UHSRUWHG E\ WKH PLQLVWU\ RI SHWUROHXP DQG QDWXUDO JDV >@ DQG
XVHG IRU WKH VLPXODWLRQV 7KH 7XUNLVK SULFH DVVXPSWLRQV DUH DOVR
VXPPDUL]HGLQLQ7DEOH
7R VXSSRUW VXVWDLQDELOLW\ D SRVVLEOH PHFKDQLVP LV WKH SULFLQJ RI
JUHHQKRXVHJDVHPLVVLRQV$VUHSRUWHGE\WKH:RUOG%DQNRYHU




UHIHUV WR LQLWLDWLYHV WKDW SXW DQ H[SOLFLW SULFH RQ JUHHQKRXVH JDV
HPLVVLRQVLHDSULFHH[SUHVVHGDVDYDOXHSHUWRQRIFDUERQGLR[
LGHHTXLYDOHQWW&2H7KHVH LQLWLDWLYHV LQFOXGHQRWRQO\HPLVVLRQWUDGLQJ V\VWHPV (76 FDUERQ WD[HV RIIVHW PHFKDQLVPV DQG UH
VXOWVEDVHG FOLPDWH ILQDQFH EXW DOVR LQWHUQDO FDUERQ SULFHV VHW E\
RUJDQL]DWLRQV 3ROLFLHV WKDW SXW DQ LPSOLFLW SULFH RQ FDUERQ IRU
H[DPSOHUHPRYDORI IRVVLO IXHOVXEVLGLHV IXHOWD[DWLRQVXSSRUWIRU
UHQHZDEOHHQHUJ\DQGHQHUJ\HIILFLHQF\FHUWLILFDWHWUDGLQJDUHQRW










IRU HOHFWULFLW\ JHQHUDWLRQ DUH H[HPSWHG IURP WKH FDUERQ WD['HQ
PDUNKDVD&2WD[DGGLWLRQDOWRQDWXUDOJDVDQGFRDOWD[HV3RZHU SODQWV IRU HOHFWULFLW\ SURGXFWLRQ DUH H[HPSWHG IURP WKHVH IXHO
WD[HVZKHUHDVFRPELQHGKHDWDQGSRZHU&+3SODQWVDUHQRW,Q
*HUPDQ\FRDOXVHGIRUHOHFWULFLW\JHQHUDWLRQLVH[HPSWHGIURPH[
FLVH GXW\ 6SDLQ KDV D WD[ RQ FRDO IURP ZKLFK FRNLQJ FRDO LV
H[HPSWHG1RH[SOLFLWFDUERQWD[LVLQSODFH3RUWXJDOLQWURGXFHGD
FDUERQ WD[ LQ  DV D FRPSRQHQW RI WKH WD[ RQ RLO DQG HQHUJ\
SURGXFWV 6ZHGHQ KDV DQ HQHUJ\ WD[ RQ IRVVLO IXHOV DQG HOHFWULFLW\
DVZHOODVD&2WD[ZKLFKGRHVQRWDSSO\WRHOHFWULFLW\DQGXVHVFRYHUHG E\ WKH (XURSHDQ WUDGLQJ V\VWHP ,Q 7XUNH\ VWHDP FRDO
FRQVXPSWLRQ LV QRW VXEMHFW WR H[FLVH WD[HV)UDQFH WD[HV DOO IRVVLO
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 7XUNH\ ,QGLD 'HQPDUN
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7KH GDWD FROOHFWLRQ SURYLGHV IRU PDUNHW HQYLURQPHQWV DQG SRZHU
SODQWVZLWKGLIIHUHQWLDWHGFKDUDFWHULVWLFVZKLFKDUHDQDO\]HGLQWKH





OHFWHG PDUNHWV LV XVHG WR DQDO\]H WKH HIIHFW RI JURZLQJ VKDUHV RI
YDULDEOH UHQHZDEOHEDVHGHOHFWULFLW\JHQHUDWLRQ95(7KLVREVHU
YDWLRQ FRPSDUHV WKH \HDUV  DQG  IRU ZKLFK WKH VKDUH RI
95(LVWREHIRXQGLQ7DEOH7KHGLVSDWFKRIHDFKSRZHUSODQW
GHILQHGLQVHFWLRQLVRSWLPL]HGLQWKHGD\DKHDGPDUNHWRIHDFK
RI WKH VHOHFWHG FRXQWULHV RQFH IRU WKH \HDU  DQG RQFH IRU WKH
\HDU  7KH FRPSDULVRQ LV PDGH EDVHG RQ WKH \HDUO\ SURILW






UDWLQJ KDOI RI WKH GDWD VDPSOH7KH ERWWRP HGJH RI WKH ER[ LQGL
FDWHV WKHWKSHUFHQWLOH WKHYDOXHEHORZZKLFKRI WKHGDWD
VDPSOH LVWREH IRXQG7KHWRSHGJHRI WKHER[ LQGLFDWHVWKHWK
SHUFHQWLOHWKHYDOXHEHORZZKLFKRIWKHGDWDVDPSOHLVORFDW
HG 7KH WRSZKLVNHU LQGLFDWHV WKHPD[LPXPZKHUHDV WKH ERWWRP
ZKLVNHU LQGLFDWHV WKH PLQLPXP RI WKH GDWD VDPSOH 5HG FURVVHV
PDUNRXWOLHUV2XWOLHUVDUHGHILQHGDVWKHYDOXHVZKLFKDUHRXWVLGH









RSHUDWLRQ GRPLQDWHV 7KH FRPSDUDWLYHO\ ORZ QXPEHU RI VWDUWXS
HYHQWV RSHUDWHG E\ WKH KDUGFRDO ILUHG SRZHU SODQWV FRPSDUHG WR
RWKHU SXEOLFDWLRQV VHH HJ >@ LV GXH WR WKH PDLQWHQDQFH FRVWV
DFFRXQWHG IRU LQ RXU PRGHO 7KH FRVW HVWLPDWLRQV DFFRXQWLQJ IRU
VWDUWXSVSHFLILF OLIHWLPHFRQVXPSWLRQXVHG LQWKLVDQDO\VLV OHDGWR
KLJK VWDUWXS FRVWV $ KDUGFRDO ILUHG SRZHU SODQW ZLWK 
0:KWK0:VWDUWXSKDUGFRDOFRQVXPSWLRQDQG0:KWK0:
VWDUWXSQDWXUDOJDVFRQVXPSWLRQDQGʱ0:PDLQWHQDQFHFRVWV
OHDG WR ʱ0: VWDUWXS FRVWV DVVXPLQJ DQ ʱ0:KWK KDUG
FRDO SULFH DQG D ʱ0:KWK QDWXUDO JDV SULFH )RU VXFK DQ
0:SRZHUSODQWWKHVWDUWXSFRVWVZRXOGOLHE\ʱSHU
VWDUWILUVWLJQLWLRQXQWLOPLQLPXPORDG
7KH QXPEHU RI VWDUWXSV LQ WKH \HDU  FRPSDUHG WR WKH \HDU
 VKRZV DQ LQFUHDVH LQ DOO PDUNHW HQYLURQPHQWV H[FHSW IRU
)UDQFH DQG 6SDLQ ZKHUH LW GHFUHDVHV 7KH DPRXQW RI VWDUWV
UHPDLQVVWDEOHLQ,QGLD7KHQXPEHURIF\FOLQJHYHQWVLQWKH,QGLDQ
FRQWH[WLVDOPRVWWKHVDPHIRUDOOSRZHUSODQWVLQWKHGDWDVHW7KH
ORZHUYDULDELOLW\RI WKHQXPEHURI F\FOLQJ HYHQWV FRPSDUHG WR WKH
RWKHUPDUNHWHQYLURQPHQWVPLJKWEHDUHVXOWRIWKH ORZSDUWLFLSD
WLRQ WR WKH HOHFWULFLW\ VSRW PDUNHW DQG WKH QRW IXOO\ OLEHUDOL]HG
PDUNHWFRQWH[W7KHHOHFWULFLW\VSRWSULFHVGRQRWUHIOHFWWKHYDULD
ELOLW\DQGQHHGVRIWKHV\VWHPDQGPLJKWWKXVQRWEHDQDSSURSUL
DWH LQSXW IRU D VHOIVFKHGXOLQJ VFKHPH'HVSLWH WKH VOLJKW LQFUHDVH
LQ 95( SURGXFWLRQ LQ )UDQFH LW VHHPV WR EH EHORZ D OLPLW IRU
 
ZKLFK WKH SRZHU SODQWV ZRXOG EH LQFHQWHG WR F\FOHPRUH $V WKH
DPRXQW RI95(SURGXFWLRQ UHPDLQV VWDEOH LQ 6SDLQ3RUWXJDO DQG
,QGLD VRGRHV WKH DPRXQW RI F\FOLQJ HYHQWV7KH\HDUO\SURILW UH
PDLQV VWDEOH LQ6SDLQZKHUHDV LWGHFUHDVHV LQ ,QGLD7KH VWHHSHVW
LQFUHDVH RI 95( KDSSHQV LQ 7XUNH\ DQG WKH DPRXQW RI F\FOLQJ
HYHQWV JURZV DFFRUGLQJO\ DFFRPSDQLHG E\ D GHFUHDVH LQ \HDUO\
SURILW7KHVDPHLVREVHUYHGWRDOHVVHUH[WHQWLQWKH*HUPDQDQG
'DQLVK PDUNHW HQYLURQPHQW 7KLV LQGLFDWHV WKDW WKHVH GD\DKHDG
SULFHVLJQDOV LQFHQWWKHSRZHUSODQWVWRRSHUDWHPRUH IOH[LEO\EXW




VH LPSDFW WKH IOH[LELOLW\ RI WKH SRZHU SODQW GLVSDWFKHV 7KH SHU
IRUPHGFDVHVWXGLHVDUHEDVHGRQWKHRSWLPL]HGGLVSDWFKRIWKHVHW
RISRZHUSODQWVLQDOOPDUNHWHQYLURQPHQWVDQGRQWKHFRPSDULVRQ
RI WKH REWDLQHG GLVSDWFKHV ZLWK DQG ZLWKRXW WKH DGGLWLRQDO PDU

































HUV*HUPDQ\ZLWK LWV VHFRQGDU\ FRQWURO D)55 DQG )UDQFHZLWK
LWVU¢VHUYHUDSLGHP)55%RWKUHTXLUHDFDSDFLW\UHVHUYDWLRQIRU
WKH HQWLUH SHDN DQGRU RIISHDN SHULRG RI WKH ZHHN ,Q *HUPDQ\
WKHRIISHDNSHULRGUDQJHVIURPWRGXULQJZHHNGD\VDQG
WKH ZKROH ZHHNHQG ZKHUHDV LQ )UDQFH WKH RIISHDN SHULRG UDQJHV
RYHUWKHZHHNHQGRQO\7KHFDVHVWXG\IXUWKHUFRQVLGHUV6SDLQDQG
LWV VHFRQGDU\ FRQWURO D)55 7KH FDVH VWXG\ KDV EHHQ H[WHQGHG
E\ VLPXODWLQJ RQHSRZHUSODQW LQ WKH'DQLVKPDUNHWZLWK LWV WHU
WLDU\FRQWUROPDUNHWP)55%RWKWKH'DQLVKDQG6SDQLVKVLPX
ODWHGPDUNHWVKDYHDQKRXUO\FDSDFLW\UHVHUYDWLRQ'HQPDUN:HVW





ILUHG SRZHU SODQW UHIHUHQFHG 8&+ 5 LQ VHFWLRQ   RYHU WKH
ZKROH\HDU,QWKLVFDVHWKH\HDUO\SURILWLQFUHDVHDQG\HDUO\
LQFUHDVH LQ F\FOLQJ HYHQWV GXH WR WKH FDSDFLW\ UHVHUYDWLRQ DUH WKH






LQFOXGH KHDW H[WUDFWLRQ 3RZHU SODQWV ZLWK FRPELQHG KHDW DQG
SRZHU KDYH IHZHU RSSRUWXQLWLHV LQ WKH 'DQLVK IUHTXHQF\ FRQWURO




UHVXOW VKRZV WKDW LQ WKLV FRQWH[WERWK HIIHFWVGRQRW FRPSHQVDWH
HDFK RWKHU7KHQHJDWLYH HIIHFW RI WKH OLPLWHG VHUYDEOH FDSDFLW\ LV
QRWFRPSHQVDWHGE\WKHUHGXFHGRSSRUWXQLW\FRVWV7KH LPSDFWRI
WKH FDSDFLW\ UHVHUYDWLRQ RQ WKH SRZHU SODQW GLVSDWFK ZKHQ FRP
SDUHGWRWKHGD\DKHDGGLVSDWFKVKRZVWKDWLQ*HUPDQ\DORQHWKH
QXPEHURISDUWORDGHYHQWVUHGXFHVZKHQFDSDFLW\LVUHVHUYHG7KLV
PRGHUDWH UHGXFWLRQ IURP  WR  \HDUO\ SDUWORDG HYHQWV LV






NHW FRPSDUHG WR WKH GD\DKHDG GLVSDWFK 7KH 6SDQLVK IUHTXHQF\
FRQWURO SULFHV VKRZ D YHU\ KLJK YDULDELOLW\ FRPSDUHG WR'HQPDUN
VR WKDW WKH SRZHU SODQWV FDQPDNH XVH RI WKHLU IOH[LELOLW\ LQ WKLV
PDUNHW 'HQPDUN DOVR KDV DQ KRXUO\ FDSDFLW\ UHVHUYDWLRQ EXW LV
QRWV\PPHWULFVRWKDWWKLVFKDUDFWHULVWLFPLJKWDOVRSDUWLFLSDWHLQ




DQG WKH *HUPDQ PDUNHWV KDYH WKH FRPPRQ FKDUDFWHULVWLF RI D
ZHHNO\UHVHUYDWLRQRIWKHFDSDFLW\7KLVUHVXOWOHDGVWRWKHFRQFOX
VLRQWKDWWKLVZHHNO\UHVHUYDWLRQPLJKWQRWEHWKHPRVWVXLWHGGH
VLJQ IRU FRQYHQWLRQDO SRZHU SODQWV WR LQFUHDVH WKHLU SURILW LQ WKH


















*HUPDQ\   
6SDLQ   










WHFKQRORJLHV LQWURGXFHGLQVHFWLRQ$VYLVLEOH LQ)LJXUH IUH
TXHQF\ FRQWURO FDSDFLW\ UHVHUYDWLRQ VWLOO RIIHUVPRUH RSSRUWXQLWLHV
LQ6SDLQ WKDQ LQ*HUPDQ\EXW WKHSURILW LQFUHDVHGHSHQGVRQWKH
SRZHUSODQWWHFKQRORJLHV:KHQREVHUYLQJWKHUHVXOWVIRU6SDLQWKH
SURILW LQFUHDVH LQ WKH IUHTXHQF\ FRQWURO PDUNHW ZKHQ FRPSDUHG
ZLWKWKHGD\DKHDGSURILW LVKLJKHUZLWKORZHUPLQLPXPORDGDQG
EHWWHUUDPSUDWHFDSDELOLWLHV7KHUHVXOWVDVGHSLFWHGLQ)LJXUH
LQGLFDWH WKDWEHWWHU IOH[LELOLW\SDUDPHWHUV OHDG WREHWWHUSURILW LQ
FUHDVHV )RU D JLYHQPLQLPXP ORDG EHWWHU UDPSLQJ FDSDELOLW\ DO
ZD\V OHDGV WR EHWWHU SURILW LQFUHDVH LQ WKH IUHTXHQF\ FRQWUROPDU
NHW 7KH UHVXOWV IRU *HUPDQ\ DUH QRW DV H[SOLFLW 6RPH SRZHU
 
SODQWVZLWKEHWWHU UDPSLQJ DQGPLQLPXP ORDG FDSDELOLWLHVGRQRW
UHDFK WKH SURILW LQFUHDVH UHDFKHGE\ OHVV IOH[LEOH RQHV7KLV UHVXOW
LQGLFDWHV WKDW WKHGHVLJQRI WKH*HUPDQ VHFRQGDU\ IUHTXHQF\ FRQ
WUROSULPDULO\GXHWRWKHUHVHUYDWLRQ IRUDZKROHZHHNPLJKWQRW
EHVXLWHGWRUHZDUGWKHPRVWIOH[LEOHSRZHUSODQWV7KLVFRQFOXVLRQ







UHIOHFWV WKH IDOOLQJ SULFHV IRU IUHTXHQF\ FRQWURO RIWHQ DUJXHG DV
VWHPPLQJ IURP WKH LQFUHDVHG QXPEHU RI DFWRUV RIIHULQJ IUHTXHQF\












SURYHG IRUPXODWLRQ WKH RSSRUWXQLW\ FRVW FDOFXODWLRQ HYHQ ZLWK
SHUIHFWSULFHIRUHVLJKWGRHVQRWFDSWXUHDOOSDUDPHWHUVOHDGLQJWRD
FRPSUHKHQVLYH FRVWEHQHILW DQDO\VLV 7KH DQDO\VLV RI WKLV SRZHU
SODQWʑV GLVSDWFK VKRZV WKDW RQH RI WKHPLVVLQJ SDUDPHWHUV LV WKH
LQFUHDVH LQ F\FOLQJ LQGXFHG E\ WKLV FDSDFLW\ UHVHUYDWLRQ 7KH GLV
SDWFK ZLWK IUHTXHQF\ FRQWURO KDV D UHODWLYH LQFUHDVH RI VWDUWXSV
DQG SDUWORDG HYHQWV RI UHVSHFWLYHO\  DQG  7KHVH DUH
QRWLQFOXGHGLQWKHRSSRUWXQLW\FRVWFDOFXODWLRQIRUWKHGHFLVLRQWR
UHVHUYH FDSDFLW\ RU QRW IRU WKH IUHTXHQF\ FRQWURO PDUNHW $Q DS
































7KLV VHFWLRQ DQDO\]HV WKH HIIHFW RI LQWUDGD\ DUELWUDJH RQ WKH GD\




KDYH KRXUO\ SULFH VLJQDOV 7KH FDOFXODWLRQV DUH FDUULHG RXW DW D





YHU\ GLIIHUHQW IURP D FRXQWU\ WR DQRWKHU 7KLV SRZHU SODQW GRHV
QRW ILQGDUELWUDJHRSSRUWXQLWLHV LQWKH6SDQLVKPDUNHW LQDV
ZHOO DV LQ ,Q)UDQFH WKHRSSRUWXQLW\ LVPRGHUDWHDQG OHDGV
WR D UHGXFWLRQ RI VWDUWXS HYHQWV DQG DQ LQFUHDVH LQ SDUWORDG
HYHQWV,Q*HUPDQ\DQG'HQPDUNWKHDUELWUDJHRSSRUWXQLWLHVOHDG
WR D KLJK LQFUHDVH RI WKH GD\DKHDG SURILWV EXW LQ WKH FDVH RI D
PXVWUXQ FRQGLWLRQ VXFK DV FRPELQHG KHDW DQG SRZHU SURYLVLRQ
WKLV SURILW LV UHGXFHG ,Q WKHVH PDUNHW HQYLURQPHQWV PXVWUXQ
FRQGLWLRQV UHGXFH DUELWUDJH RSSRUWXQLWLHV ,Q 'HQPDUN WKH LQWUD
 
GD\ DUELWUDJH UHVXOWV LQ VWDUWXS DQG SDUWORDG HYHQW LQFUHDVHV
ZKHUHDVLQ*HUPDQ\WKHVWDUWXSHYHQWVGHFUHDVH:KHQFRPSDULQJ





(DVW'HQPDUN:HVW DOVR VHHV D FKDQJH WRZDUG UHGXFHGSDUWORDG
HYHQWV DV LQ*HUPDQ\ LQ  7KH'HQPDUN (DVW ]RQH DV FRQ
QHFWHG WR 6ZHGHQ DQG 1RUZD\ PLJKW EH OHVV DIIHFWHG E\ WKH UH
QHZDEOHVYRODWLOLW\DV LW LV FRQQHFWHG WRDPDUNHWZLWKKLJK VWRU
DJH FDSDFLW\7KH7XUNLVK LQWUDGD\PDUNHW SXW LQ SODFH LQ 








YLURQPHQWDOORZV IRU WKHPRVWVLJQLILFDQWSURILW LQFUHDVHYLD LQWUD
GD\ DUELWUDJH7KH 6SDQLVK PDUNHW HQYLURQPHQW LV IDYRUDEOH
WRWKHVXEFULWLFDO OLJQLWHILUHGSRZHUSODQWVZKLFKKDYHWKH ORZHVW
UDPSLQJFDSDELOLWLHVDQGPRGHUDWHPLQLPXPORDGFDSDELOLWLHV7KH
VH UHVXOWV KRZHYHU GR QRW KROG LQ WKH PDUNHW HQYLURQPHQW
7KH )UHQFK  PDUNHW HQYLURQPHQW DOORZV D EURDGHU UDQJH RI
SRZHUSODQWVWR LQFUHDVHWKHLUSURILWXVLQJ LQWUDGD\DUELWUDJH7KH
OLJQLWHILUHG SRZHU SODQWV DUH WKH RQHV ZLWK WKH ORZHVW SURILW LQ
FUHDVHLQWKLVFRQWH[WDSDUWIURPWKHOLJQLWHILUHGSODQWZLWKEHWWHU
UDPSLQJ DQG PLQLPXP ORDG FDSDELOLWLHV 6&/ % 7KH 7XUNLVK
PDUNHWDOVRDOORZVIRUDEURDGHUUDQJHRISRZHUSODQWVWRLQFUHDVH
WKHLU SURILW LQ WKH LQWUDGD\PDUNHW EXW ZLWK D ORZHU UHODWLYH LQ
FUHDVHFRPSDUHGWR)UDQFH/LJQLWHILUHGSRZHUSODQWVDUHDOVRWKH













*HUPDQ\   
6SDLQ   
)UDQFH   




















6SDLQ   
7XUNH\   






















































HU&+3SODQWV LV WKHKHDWSULFHSDLGWRJHQHUDWRUVZKLFK LVQRW
GLVFORVHG)RUWKLVFDVHVWXG\DKHDWSULFHRIDQGʱ0:KWKLV DVVXPHG IRU  DQG  UHVSHFWLYHO\ 7KH &+3 VXEFULWLFDO
KDUG FRDOILUHG SRZHU SODQW UHIHUHQFH 8&+ 5 LQ VHFWLRQ  LV
VLPXODWHGLQWKH*HUPDQDQG'DQLVKPDUNHWHQYLURQPHQWDQGWKH
UHVXOWVDUHFROOHFWHG LQ7DEOHWR7DEOH7KHWDEOHVVKRZWKH
DEVROXWH SURILW UHDFKHG DQG WKH QXPEHU RI F\FOHV RSHUDWHGE\ WKH
SRZHUSODQW7KH7DEOHDQG7DEOHVKRZWKHUHVXOWVZLWKKHDW






FHSWLRQV RFFXU LQ WKH 'DQLVK PDUNHW 7KH SRZHU SODQW ZLWKRXW
&+3 PDGH PRUH SURILW LQ WKH 'DQLVK (DVW PDUNHW  ZKHQ
FRPSDUHG WR  7KLV LV DOVR WUXH IRU 'HQPDUN:HVW EXW RQO\
ZKHQLQWUDGD\DUELWUDJHLVXVHG7KHSRZHUSODQWZLWK&+3PDNHV
PRUH SURILW LQ WKH 'DQLVK (DVW PDUNHW  ZKHQ FRPSDUHG WR
DWWKHFRQGLWLRQWRUHVHUYHFDSDFLW\IRUWKHIUHTXHQF\FRQWURO
PDUNHW ,Q DOO RWKHU FRQILJXUDWLRQV WKH \HDUO\ SURILW LV GHFUHDVHG
ZKHQ FRPSDULQJ WKH  PDUNHW HQYLURQPHQW WR WKH  RQH
7KH&+3SRZHUSODQWLQWKH*HUPDQFRQWH[WRSHUDWHVIHZHUVWDUW
XSV DQG SDUWORDG HYHQWV LQ  WKDQ LQ WKH \HDU  ZKHUHDV
WKHVHLQFUHDVHLQWKH'DQLVKPDUNHWHQYLURQPHQW7KH'DQLVKPDU








UHPXQHUDWHG DW WKH DVVXPHG SULFH OHYHOV WKXV LPSURYHV WKH HFR
QRPLFRXWSXW,QDOOPDUNHWHQYLURQPHQWVWKH&+3SODQWRSHUDWHV
OHVVF\FOHVWKDQWKHQRQ&+3SODQWGXHWRWKHPXVWUXQFRQGLWLRQ
:KHQ WKH SRZHU SODQW DOUHDG\ KDV DPXVWUXQ FRQGLWLRQ YLD KHDW
H[WUDFWLRQWKHRSSRUWXQLW\FRVWVRIIUHTXHQF\FRQWUROSURYLVLRQDUH




ELWUDJH ,Q WKH'DQLVK:HVWHUQPDUNHW WKH&+3PXVWUXQ FRQGL
WLRQGRHVQRWPRGLI\WKHSURILWPD[LPL]LQJPDUNHW7KHVDPHKROGV
IRU 'HQPDUN (DVW ZLWK D VOLJKW LPSURYHPHQW IRU WKH QRQ&+3
SODQWZKHQXVLQJERWKWKHLQWUDGD\DQGIUHTXHQF\FRQWUROPDUNHW
7KH 'DQLVK IUHTXHQF\ FRQWURO PDUNHW DOVR DOORZV IRU D SURILW LQ
FUHDVH IRU &+3 SODQWV ZKLFK LV PD[LPL]HG ZKHQ SOD\LQJ LQ WKH
WKUHHPDUNHWV)RUWKHQRQ&+3SODQWLWVHHPVWKDWSOD\LQJDWWKH
VDPHWLPHLQWKHIUHTXHQF\FRQWUROPDUNHWDQGWKHLQWUDGD\PDUNHW










































































































































































7ZR H[LVWLQJ *HUPDQ SRZHU SODQWV DUH DQDO\]HG XVLQJ SXEOLFO\
DYDLODEOH GDWD DQG DVVXPSWLRQV DV GHWDLOHG LQ VHFWLRQ  DQG WKH
$SSHQGL[ $W HDFK SRZHU SODQW WZR UHWURILW RSWLRQV DUH WHVWHG
7KHILUVWRSWLRQVHHVHFWLRQLVGRFXPHQWHGLQ>@DQG>@
IRUWKHSRZHUSODQWV5RVWRFNLGHQWLILHGDV8&+5DQG6FKZDU]H
3XPSH LGHQWLILHG DV 6&/ 63 UHVSHFWLYHO\ 7KH 5RVWRFN SRZHU




ILULQJ UHWURILW SUHVHQWHG LQ VHFWLRQ  7KLV UHWURILW LV UHGXFLQJ
WKHSODQWʑVPLQLPXPORDG LQFUHDVLQJWKHUDPSUDWHVDQGUHGXFLQJ
LWV VWDUWXS IXHO FRQVXPSWLRQ )RU WKLV FDVH VWXG\ WKH VHOHFWHG
PHWULFLVWKHQHWSUHVHQWYDOXH139RI\HDUO\FDVKIORZVXVHGWR
GHWHUPLQH WKH UHWXUQ RQ LQYHVWPHQW 52, PHWULF ,W LV DVVXPHG




DSSUR[LPDWHO\ EHWZHHQ  DQG PLOOLRQ HXURV VHH VHFWLRQ 
7KHVH H[WUHPHYDOXHV DUHXVHG WR HYDOXDWH WKH UDQJH RI UHWXUQRQ
LQYHVWPHQW GXUDWLRQV VKRZQ LQ 7DEOH  IRU WKH 5RVWRFN SRZHU
SODQW DQG 7DEOH  IRU WKH 6FKZDU]H 3XPSH SRZHU SODQW $ GLV
FRXQWUDWHRILVDVVXPHGDQGWKH\HDUO\FDVKIORZV LQGLFDWHG
LQWKHILUVWFROXPQDUHDVVXPHGFRQVWDQW7KHUHVXOWVVKRZWKDWLI
WKH LQYHVWPHQW GHFLVLRQ KDG EHHQ WDNHQ EDVHG RQ  YDOXHV LW
ZRXOGKDYHEHHQFRQVLGHUHGRQO\ LI WKHSODQWPDNHVXVHRIWKH LQ
WUDGD\ DUELWUDJH RSSRUWXQLWLHV DQG WKH IUHTXHQF\ FRQWURO FDSDFLW\
UHVHUYDWLRQDQGZLWK WKH ORZHVW UDQJHRI WKH LQYHVWPHQWFRVWV ,Q
WKH\HDUQRFRQILJXUDWLRQOHDGVWRFRQVLGHULQJWKHLQYHVWPHQW
HYHQZLWK IUHTXHQF\ FRQWURO FDSDFLW\ UHVHUYDWLRQ$ UHWXUQ RQ LQ
YHVWPHQW RI  \HDUV ZLWK D GLVSDWFK LQFOXGLQJ IUHTXHQF\ FRQWURO




$V WKH LQYHVWPHQW H[SHQGLWXUHV IRU WKH RWKHU UHWURILWV DUH XQ
NQRZQWKHVDPHPHWKRGLVXVHGWRGHULYHWKHLQYHVWPHQWFRVWOLPLW
UHTXLUHGIRUDWKUHH\HDUUHWXUQRQLQYHVWPHQW7KLVVLWXDWLRQFRXOG
UHIOHFW WKH GHFLVLRQPDNLQJ RI DQ HTXLSPHQWPDQXIDFWXUHU LQ WKH
SURFHVV RI LQYHVWLQJ RU QRW LQ SURGXFW GHYHORSPHQW 7KH XSSHU
ERXQGRI LQYHVWPHQW FRVWV LV WKH OLPLWEHORZZKLFKSODQQHGSURG
XFWV ZRXOG EH FRQVLGHUHG IRU SURGXFW GHYHORSPHQW $ERYH WKLV
YDOXHLWLVXQOLNHO\WKDWFXVWRPHUVZLOOLQYHVWLQLWDQGLVWKXVDOVR
QRW DWWUDFWLYH WR WKH HTXLSPHQW PDQXIDFWXUHU 7KH UHVXOWV DUH
VXPPDUL]HGLQ7DEOHDQGVKRZWKDWWKHXSSHUERXQGVRIWKHLQ
YHVWPHQW FRVWV DOO OLHEHORZPLOOLRQ HXURV IRU WKH VHOHFWHG UHWUR
ILWV7KHFHOOVZKLFKDUH OHIWEODQNDUH WKHRQHV IRUZKLFK WKH IUH
TXHQF\ RSSRUWXQLW\ FRVWV FDOFXODWLRQ ZDV QRW VXIILFLHQW WR HQVXUH






WKLV FRQWH[W LW LVPRUH OLNHO\ WKDW WKH IOHHW IOH[LELOL]DWLRQZLOO EH









IUHTXHQF\ FRQWURO UHVHUYH UHTXLUHPHQWV DUH GHILQHG H[RJHQRXVO\
7KH SRZHU V\VWHP GLVSDWFK LV RSWLPL]HG WR PHHW WKH H[RJHQRXV
GHPDQG DQG WKH HOHFWULFLW\ SULFHV DUH GHILQHG HQGRJHQRXVO\ 7KLV




WR KLJK IOH[LELOLW\ ZLWK VWDQGDUG SRZHU SODQWV UHDFKLQJ
ʱN:\HDU7KHVHUHVXOWVLQFOXGHWKHRSHUDWLRQLQWKHIUHTXHQ
F\ FRQWURO PDUNHW )RU WKH 5RVWRFN SRZHU SODQW 0: QRPL
QDO WKLV FRUUHVSRQGV WR HHʱ\HDU )RU WKH 6FKZDU]H
3XPSHSRZHUSODQW 0:QRPLQDO WKLVFRUUHVSRQGVWRH




VLEO\ GXH WR DPRQJ DOO RWKHU YDULDWLQJ SDUDPHWHUV WKH VWDUWXS
IXHO UHGXFWLRQ DQDO\]HG LQ WKHZRUN DW KDQG QRW LQFOXGHG LQ >@
7KHYDOXHRIWKHLQFUHDVHGIOH[LELOLW\IRXQGE\WKHWZRPHWKRGROR
JLHVDUHKRZHYHULQWKHVDPHRUGHURIPDJQLWXGH
7KHZRUN DW KDQG RIIHUV IXUWKHU LQVLJKWV LQWR WKH YDOXH RI RSHUD
WLRQDOIOH[LELOLW\LQFUHDVHV7KHVHGRQRWRQO\LQFOXGHWKHSODQWVSH
FLILFYDOXHRIIOH[LELOLW\EXWDOVRWKHPDUNHWGHSHQGHQWYDOXH,WLV
WKXV LQWHUHVWLQJWRFRQVLGHU WKHYDOXHRI WKHRSHUDWLRQDO IOH[LELOLW\
UHWURILW LQ WKH IUHTXHQF\ FRQWURO PDUNHWV RI WKH RWKHU DVVHVVHG
FRXQWULHV,QWKH6SDQLVKPDUNHWWKLVYDOXHLVRIHʱ\HDU
Hʱ0:\HDUIRUWKH5RVWRFNSRZHUSODQWDQGHʱ\HDU
H ʱ0:\HDU DW WKH 6FKZDU]H SXPSH SRZHU SODQW ,Q WKH
\HDU  WKLV YDOXHV EHFRPH Hʱ\HDU Hʱ0:\HDU DW
WKH 5RVWRFN SRZHU SODQW DQG Hʱ\HDU Hʱ0:\HDU DW
WKH 6FKZDU]H 3XPSH SODQW ,Q WKH )UHQFK PDUNHW FRQWH[W 
WKHVHYDOXHVEHFRPHHʱ\HDU Hʱ0:\HDUDW WKH5RV

















7KH FDOFXODWLRQV SHUIRUPHG IRU WKH LQYHVWPHQW GHFLVLRQ PDNLQJ
DQDO\VLVSUHVHQWHG LQ VHFWLRQQRWRQO\ UHVXOW LQ WKHHFRQRPLF
YDOXHV SUHVHQWHG WKHUH EXW DOVR LQ GHWDLOHG GLVSDWFK LQIRUPDWLRQ
&RPSDUHGWRWKHVLQJOHUHWXUQRQLQYHVWPHQWQHWSUHVHQWYDOXHRU
SURILW LQFUHDVH PHWULFV WKH SODQWʑV GLVSDWFK HQWDLOV PRUH GHWDLO
7KLVLQIRUPDWLRQFDQEHXVHGWRDQDO\]HWKHEHKDYLRURIWKHSRZHU
SODQWGHSHQGLQJRQWKHPDUNHWSULFHVKRZWKHSURILWHYROYHVZLWK
WKH SRZHU SODQW GLVSDWFK EXW DOVR KRZ WKH GLVSDWFK RI WKH SRZHU
SODQW LV PRGLILHG ZKHQ LW LV GLVSDWFKHG LQ WZR RU PRUH PDUNHWV
VLPXOWDQHRXVO\ $ IXUWKHU XVH LV WR FRPSDUH WKH RSHUDWLRQ RI WZR
SRZHU SODQWV DQG HVSHFLDOO\ RI D SRZHU SODQW DQG LWV UHWURILWWHG
YHUVLRQ7KHFDVHVWXG\RIWKH5RVWRFNSRZHUSODQWDQGLWVUHWURILW
 
WHG YHUVLRQ LQ WKH GD\DKHDG DQG LQWUDGD\PDUNHW LV DQDO\]HG LQ
WKH IROORZLQJ 7KH GDWD LQ )LJXUH  UHSUHVHQWV WKH SRZHU SODQW
ORDGDERYHDQGSURILWEHORZIURPWKHWKWRWKHWKKRXU
RI WKH\HDU7KLV LV WKHWKRI$SULO IURP WRPLG
QLJKW7KHEDVHOLQHSRZHUSODQWGDWDLVUHSUHVHQWHGLQUHGZKHUHDV
WKH UHWURILW SODQW LV UHSUHVHQWHG LQ EOXH 7KH SURILW LV LQWHJUDWHG




WUDGD\ PDUNHW 7KH GDVKHG OLQHV UHSUHVHQW WKH HYROXWLRQ RI WKH
GD\DKHDGDQGLQWUDGD\VSRWSULFHV7KHORDGGLVSDWFKLQWKHGD\
DKHDG PDUNHW ILUVW ILJXUH VKRZV KRZ WKH LQGLUHFW ILULQJ UHWURILW
PRGLILHVWKHSRZHUSODQWRSHUDWLRQGXULQJSDUWORDGRSHUDWLRQ7KH
GHHSHUPLQLPXP ORDGEXW DOVR WKH VWHHSHU UDPSUDWHV DUHXVHG WR




ORZ LQWUDGD\ SULFHV LQFHQWLYH SRZHU SODQWV WR ORZHU WKHLU SURGXF
WLRQ LQ WLPHV RI HQHUJ\RYHUVXSSO\7KH FKRVHQKRXUV VSDQRYHUD
WLPHZLWKKLJK LQWUDGD\SULFHYDULDWLRQVDQGWKHRSHUDWLRQSURILOH
VKRZVWKDWWKHSRZHUSODQW LQFUHDVHVDQGGHFUHDVHV LWV ORDGDVH[
SHFWHG $W WKH EHJLQQLQJ RI WKH WLPH KRUL]RQ LQVWHDG RI UDPSLQJ
XS WKH SRZHU SODQW UDPSV GRZQ DV WKH LQWUDGD\ SULFHV SOXQJH
:KHQWKHLQWUDGD\SULFHVLQFUHDVHWKHSRZHUSODQWRSHUDWHVDWIXOO
ORDGLQVWHDGRISDUWORDGDQGVHOOVWKHDGGLWLRQDOHQHUJ\RQWKHLQ






WUDGD\PDUNHW DQG SDUNLQJ WKH SRZHU SODQW DW SDUWORDG 7KLV LV
GXHWRWKHKLJKHUFRVWVLQFXUUHGIRUDVKDOORZPLQLPXPORDGRSHUD
WLRQ ZKLFK DUH QRW FRPSHQVDWHG E\ WKH GLIIHUHQFH EHWZHHQ GD\
DKHDG DQG LQWUDGD\ SULFHV 7KH UHDVRQ IRU WKH UHWURILWWHG SRZHU
SODQW WR RSHUDWH DW LWV PLQLPXP ORDG LQVWHDG RI DQ LQWHUPHGLDU\
SDUWORDG OHYHO LV WKH SRZHU SODQWʑV VWDWH PDFKLQH GHILQLWLRQ $V
GLVFXVVHGLQVHFWLRQ3DUW%WKHUHLVQRHFRQRPLFRSWLPXPLQ
WKH GD\DKHDG PDUNHW WR RSHUDWH DW SDUWORDG +HQFH WKH VWDWH
PDFKLQHGRHVQRWGHILQHVXFKDEHKDYLRU:LWKUHVSHFWWRWKHVWDWH
PDFKLQH WKH ZRUN DW KDQG WKXV SURYLGHV D ORZHU ERXQG WR WKH
SURILW LQFUHDVH UHDFKHG XVLQJ LQWUDGD\ DUELWUDJH +RZHYHU ZLWK
 



















'D\DKHDG H H H H H H
'D\DKHDGDQGIUHTXHQF\
FRQWURO
H H H H H H
'D\DKHDGDQGLQWUDGD\

H H H H H H
'D\DKHDGIUHTXHQF\
FRQWURODQGLQWUDGD\
H H H H H H
'D\DKHDG H H H H H H
'D\DKHDGDQGIUHTXHQF\
FRQWURO

















'D\DKHDG H H H H H H
'D\DKHDGDQGIUHTXHQF\
FRQWURO
H H H H H H
'D\DKHDG H H H H H H
'D\DKHDGDQGIUHTXHQF\
FRQWURO



















































7KH YDOXH RI DQ RSHUDWLRQDO IOH[LELOLW\ RSWLRQ UHJDUGLQJ UHODWLYH
SURILWLQFUHDVHKDVVKRZQWRYDU\ZLWKWKHSRZHUSODQWWHFKQRORJ\
DQGPDUNHWHQYLURQPHQWDVZHOODVZLWKWKHGLVSDWFKVWUDWHJ\FKR
VHQE\ WKH RSHUDWRU7KLV VHFWLRQ WKXV DQDO\VHV WKH LQGLUHFW ILULQJ
IOH[LELOL]DWLRQ RSWLRQ SUHVHQWHG LQ VXEVHFWLRQ  IRU WKH SRZHU
SODQWVGHILQHG LQ VHFWLRQ LQ WKHPDUNHW FRQWH[WV LQWURGXFHG LQ
VHFWLRQ  7KH GLVSDWFK RI HDFK SRZHU SODQW DQG LWV UHWURILWWHG
YHUVLRQ LVRSWLPL]HG IRUHDFKGHILQHGPDUNHWHQYLURQPHQW7KHUH
VXOWV DUH DQDO\]HG XVLQJ ER[SORWV7KH FHQWUDOPDUN LQGLFDWHV WKH
PHGLDQWKHYDOXHVHSDUDWLQJKDOIRI WKHGDWDVDPSOH7KHERWWRP
HGJHRIWKHER[LQGLFDWHVWKHWKSHUFHQWLOHWKHYDOXHEHORZZKLFK
RI WKH GDWD VDPSOH LV WR EH IRXQG7KH WRS HGJH RI WKH ER[
LQGLFDWHVWKHWKSHUFHQWLOHWKHYDOXHEHORZZKLFKRIWKHGD
WD VDPSOH LV ORFDWHG 7KH WRS ZKLVNHU LQGLFDWHV WKH PD[LPXP
ZKHUHDV WKH ERWWRP ZKLVNHU LQGLFDWHV WKH PLQLPXP RI WKH GDWD
VDPSOH5HGFURVVHVPDUNRXWOLHUV2XWOLHUVDUHGHILQHGDVWKHYDO
XHVZKLFKDUHRXWVLGHRIWKHUDQJHGHILQHGE\DGGLQJVXEWUDFWLQJ




LQ WHUPV RI \HDUO\ SURILW LQFUHDVH 7KH REWDLQHG \HDUO\ SURILW LQ
FUHDVHVDUH ILUVWDQDO\]HGDVD IXQFWLRQRIWKHPDUNHWHQYLURQPHQW
DQG WKHQ DV D IXQFWLRQ RI WKH SRZHU SODQW7KH LQFUHDVH LQ SURILW
PHDVXUHV WKH YDOXH RI WKH IOH[LELOLW\ LPSURYHPHQW LQ PRQHWDU\
WHUPV:KHQ FRQVLGHULQJ WKH GD\DKHDG PDUNHW DORQH DOO PDUNHW
HQYLURQPHQWV H[FHSW WKH *HUPDQ RQH DQG WR D OHVVHU H[WHQW WKH
)UHQFKRQHLQWKH\HDUVHHPWREHDOPRVWWHFKQRORJ\LQGLIIHU
HQW 7KLV PHDQV WKDW WKH YDOXH RI WKH IOH[LELOLW\ LPSURYHPHQW
VKRZV ORZ YDULDWLRQV LQ GHSHQGHQFH RI ZKLFK SRZHU SODQW LW LP
SURYHV ,Q WKH ,QGLDQ DQG7XUNLVKPDUNHW HQYLURQPHQW WKH YDOXH
RIWKHSURGXFWLVWKHPRVWWHFKQRORJ\LQGLIIHUHQW7KHVDPHFRQFOX
VLRQ SHUWDLQV WR WKH DQDO\VLV LQFOXGLQJ LQWUDGD\ DUELWUDJH :KHQ
WKH FDSDFLW\ UHVHUYDWLRQ IRU IUHTXHQF\ FRQWURO LV LQFOXGHG WKH
6SDQLVKPDUNHWVKRZVDKLJKHUVHQVLWLYLW\WRWKHSRZHUSODQWWHFK
QRORJ\ WKDQZKHQ WKH GD\DKHDGPDUNHW DORQH LV FRQVLGHUHG 7KH
YDOXH UDQJH LV LQ WKLV FDVH FRPSDUDEOH WR WKH RQH LQ *HUPDQ\
:KHQFRPSDULQJWKHYDOXHRIWKHIOH[LELOLW\SURGXFWDWWKHDVVHVVHG
SRZHUSODQWVDVD IXQFWLRQRI WKHPDUNHW HQYLURQPHQW VHH)LJXUH
 WKH UHVXOWV VKRZ WKDW IRU D JLYHQ SODQW WKH YDOXH RI WKH
IOH[LELOLW\ UHWURILW UHJDUGLQJ UHODWLYH SURILW LQFUHDVH LV VHQVLWLYH WR
 
WKHPDUNHW HQYLURQPHQW H[FHSW IRU VXEFULWLFDO OLJQLWHILUHG SODQWV
LQWKHGD\DKHDGPDUNHW

:KHQ FRPSDULQJ WKH YDOXH RI WKH SURGXFW ZKLFK LV PHDVXUHG DV
WKHSURILWLQFUHDVHLQWKH\HDUIRUDOOFRXQWULHVLWDSSHDUVWKDW
WKHSURGXFWKDVRQDYHUDJHWKHKLJKHVWYDOXH LQ*HUPDQ\DQGWKH
ORZHVW LQ 7XUNH\:KHQ VHOOLQJ FDSDFLW\ LQ WKH IUHTXHQF\ FRQWURO
PDUNHW WKH SURGXFW KDV DOPRVW VDPH DYHUDJH YDOXH LQ *HUPDQ\






LW\ SURGXFW KDV WKH KLJKHVW YDOXH LQ WKH*HUPDQPDUNHW DQG WKH
ORZHVWLQ,QGLDIROORZHGE\7XUNH\:KHQXVLQJLQWUDGD\DUELWUDJH
RSSRUWXQLWLHV WKH SURGXFW KDV VLPLODU YDOXH LQ WKH 6SDQLVK DQG
7XUNLVK PDUNHW :KHQ VHOOLQJ FDSDFLW\ LQ WKH IUHTXHQF\ FRQWURO
PDUNHW WKHSURGXFWKDV WKHKLJKHVW YDOXH LQ WKH6SDQLVKPDUNHW





DJH WHQGHQF\ PLJKW JLYH D WUXQFDWHG SLFWXUH RI WKH VLWXDWLRQ









HUJ\ RQ WKH GD\DKHDGPDUNHW DORQH IRU D PDMRULW\ WHQ LQ WKLU
WHHQ RI WKH DVVHVVHG SRZHU SODQWV WKH SURGXFW KDVPRUH YDOXH LQ
WKDQLQ7KLVUHVXOWLVLQOLQHZLWKWKHH[SHFWHGEHKDYLRU
ZLWKDQLQFUHDVHGVKDUHRIUHQHZDEOHVLQFRPSDUHGWR
:KHQ FRPSDULQJ WKH 6SDQLVK PDUNHW HQYLURQPHQW LQ WKH \HDUV
DQGWKHIOH[LELOLW\SURGXFWKDVRQDYHUDJH OHVVYDOXH LQ
WKH \HDU  WKDQ LQ WKH \HDU  ZKHQ HQHUJ\ LV VROG RQ WKH
GD\DKHDGPDUNHWDORQH7KLV LVDOVR WUXHZKHQXVLQJDUELWUDJH LQ




WKUHH KDUG FRDOILUHG SRZHU SODQWV 8&+ VPDOO 8&+% 6&+
7KHDYHUDJHWHQGHQF\LQWKHIUHTXHQF\FRQWUROPDUNHWKROGVIRURQ
O\WKUHHSRZHUSODQWV8&+586&+6&/%7KHVHUHVXOWVDUH
LQ OLQH ZLWK WKH H[SHFWHG EHKDYLRU ZLWK WKH VWDEOH VOLJKWO\
GHFUHDVHGVKDUHRIUHQHZDEOHVLQFRPSDUHGWR
:KHQFRPSDULQJWKH)UHQFKPDUNHWFRQWH[W LQ WKH\HDUDQG
 WKH IOH[LELOLW\ SURGXFW KDV RQ DYHUDJH OHVV YDOXH LQ 




 WKDQ LQ WKH \HDU  7KLV DYHUDJH WHQGHQF\ DSSOLHV WR DOO
VWXGLHGSRZHUSODQWV7KH7XUNLVKLQWUDGD\PDUNHWZDVLQWURGXFHG
LQVRWKDWQRFRPSDULVRQEHWZHHQDQGFDQEHPDGH




:KHQ FRPSDULQJ WKH ,QGLDQPDUNHW FRQWH[W LQ WKH \HDU  DQG
 WKH IOH[LELOLW\SURGXFWKDVRQDYHUDJH OHVVYDOXH LQ WKH\HDU


































































$V WKH LQGLUHFW ILULQJ FDVH KDV VKRZQ D JLYHQ IOH[LELOLW\ LPSURYH
PHQW LV OLNHO\ WR LPSDFWPRUH WKDQ RQH RSHUDWLRQDO IOH[LELOLW\ DW
WULEXWH PLQLPXP FRPSODLQW ORDG UDPSUDWH HWF DW D WLPH
7KHUHIRUHWKLVVHFWLRQDQDO\VHVWKHVLQJOHDQGFRPELQHGLPSDFWRI
JHQHULF IOH[LELOLW\ LPSURYHPHQWV RQ WKH IOH[LELOLW\ DWWULEXWHVPLQL
PXP FRPSODLQW ORDG UDPSUDWHV DQG VWDUWXS LJQLWLRQ IXHO FRQ
VXPSWLRQ 7KH UDPSUDWH LQFUHDVH IURP PLQ WR PLQ LV
PRGHOHGZLWKDQLQFUHDVHLQPDLQWHQDQFHFRVWE\DIDFWRUDVLQ
>@ ,WPLJKWEH UHDOL]HGE\ UHWURILWWLQJ WKLFNZDOOHGFRPSRQHQWV
DW WKHSRZHUSODQW7KHPLQLPXPFRPSODLQW ORDG UHGXFWLRQGRZQ
WRLVWHFKQLFDOO\IHDVLEOHYLDLQGLUHFWILULQJRURQHPLOORSHUD
WLRQ 7KLV ODVW RSWLRQPLJKW VHHP XQOLNHO\ WR EH XVHG GXH WR WKH
PLVVLQJ UHGXQGDQFLHV LQ FDVH RI PLOO VKXWGRZQ +RZHYHU >@ UH
SRUWVWKDWWKH*HUPDQSRZHUSODQWV+HLOEURQQDQG%H[EDFKXVH
RQHPLOO RSHUDWLRQ FRPPHUFLDOO\ VLQFH  5HJDUGLQJ WKH WKLUG
RSWLRQ RQH KDOI RI WKH EDVHOLQH SRZHU SODQWʑV LJQLWLRQ IXHO FRQ
VXPSWLRQ LV SURYLGHG E\ FRDO DW WKH UHWURILWWHG SRZHU SODQW WKXV
UHGXFLQJ WKH VWDUWXS FRVWV 7KH DQDO\VLV LVPDGH DW D KDUG FRDO
ILUHG VXSHUFULWLFDO SRZHUSODQW7KHSRZHUSODQWSDUDPHWHU YDOXHV
DUH WKH VDPH DV IRU WKH 86&+ SODQW EXW ZLWK EHWWHU VWDUWXS
FKDUDFWHULVWLFV ORZHU LJQLWLRQ IXHO FRQVXPSWLRQ DQG VKRUWHU VWDUW












D UDPSUDWH LQFUHDVH :KHQ FDSDFLW\ LV DGGLWLRQDOO\ UHVHUYHG IRU









































































































WXDOZRUN WR DQVZHU WKH UHVHDUFKTXHVWLRQVGHILQHG LQ VHFWLRQ 
3DUW $ 7KH TXHVWLRQ RI ZKHWKHU FRQYHQWLRQDO SRZHU SODQWV DUH
WHFKQLFDOO\DEOHWRSURYLGHRSHUDWLRQDOIOH[LELOLW\EXWHYHQPRUHLI
WKHPDUNHW HQYLURQPHQW LQFHQWV WKH UHTXLUHG IOH[LEOH GLVSDWFKKDV
EHHQUDLVHGLQVHFWLRQ3DUW$0DQ\VWXGLHVDVVHVVWKHQHHGIRU
IOH[LELOLW\ VHH UHYLHZ LQ VHFWLRQ3DUW$EXWKRZFDQ LWEH
VXUHWKDWWKH LQFHQWLYHVDUHVHWXSWRHQFRXUDJHWKH LQYHVWPHQW LQ
WKH UHTXLUHG IOH[LELOLW\ LQ D OLEHUDOL]HG FRQWH[W" $UH WKH PDUNHWV
ZHOO GHVLJQHG IRU IOH[LELOLW\ LQFHQWLYHV" ,Q WKH FXUUHQW (XURSHDQ
FRQWH[WWKHUHZLOOEHIHZRUQRLQYHVWPHQWVLQQHZWKHUPDOSRZHU










7KH UHYLHZ LQ VHFWLRQ  3DUW $ KDV VKRZQ WKDW IOH[LELOLW\ DV
VHVVPHQWVFRQVLVWRIWZRWDVNVTXDQWLI\WKHQHHGIRUIOH[LELOLW\DQG
DVVHVV WKH DYDLODEOH IOH[LELOLW\ WR VWDWH DERXW LWV DGHTXDF\ 7KLV
ZRUN KDV GHYHORSHG PHWKRGV WR SHUIRUP WKH VHFRQG WDVN IRU WKH
FDVHRI FRQYHQWLRQDOSRZHUSODQWV LQD OLEHUDOL]HGPDUNHW HQYLURQ
PHQW$VSRLQWHGRXW LQ >@WKHYDOXDWLRQRI IOH[LELOLW\E\PHDQV
RIDVLQJOHPHWULFFRPELQLQJGLIIHUHQWSDUDPHWHUV LQWURGXFHVDORVV
RI JHQHUDOLW\$V VXFKSDUDPHWHUV DUH RIWHQ UHODWHG VXFKDPHWULF
ZRXOGQHFHVVDULO\FRQFHDOWKHLU LQWHUDFWLRQV >@8QLWFRPPLWPHQW
DQG HFRQRPLF GLVSDWFK KDV VKRZQ WR EH D VXLWHG PHWKRGRORJ\ WR
TXDQWLI\SRZHUSODQWIOH[LELOLW\DVLWG\QDPLFDOO\DFFRXQWVIRUWKH
SRZHU SODQWʑV WHFKQLFDO DQG HFRQRPLF FRQVWUDLQWV 7KH UHVXOWLQJ
SRZHU SODQW GLVSDWFK SURYLGHV DFFXUDWH DQG GHWDLOHG LQIRUPDWLRQ
ZKLFKFDQEHXVHGWRGHILQHDVXLWHGPHWULF7KLVZRUNKDVVKRZQ




HWHUV DIIHFWHG E\ RSHUDWLRQDO IOH[LELOLW\ 7KH WLPH UHSUHVHQWDWLRQ
KDV DOVREHHQ VKRZQ WR LQIOXHQFH WKH TXDQWLILFDWLRQ RI RSHUDWLRQDO
 
IOH[LELOLW\7KHFDVH VWXGLHVSUHVHQWHG LQ WKLVZRUNKDYHPDGHXVH
RIWKHUHODWLYHSURILWLQFUHDVHWKHDEVROXWHSURILWLQFUHDVHHVSHFLDO









LW\ DVVHVVPHQW 7KH DSSUR[LPDWLRQ PDGH ZKHQ XVLQJ D WLPH GLV
FUHWL]DWLRQ FDQ EH UHGXFHG YLD D ILQHU WLPH GLVFUHWL]DWLRQ RU WKH
LQWURGXFWLRQRIDFRQWLQXRXVUHSUHVHQWDWLRQRIWLPHZKLFKUHTXLUHV
WKH FRQFHSW RI HYHQWV7KHTXDQWLILFDWLRQRI RSHUDWLRQDO IOH[LELOLW\
LPSURYHPHQWVLQWKHLQWUDGD\IUHTXHQF\FRQWURODQGFRPELQDWLRQV
RI WKHVH PDUNHWV GHPRQVWUDWHG WKH LPSRUWDQFH RI DFFRXQWLQJ IRU
WKHVHPDUNHWVIRUDFRPSUHKHQVLYHDQDO\VLV$SRZHUSODQWGHVFULS
WLRQ ZLWK HQRXJK GHWDLO IRU RSHUDWLRQDO IOH[LELOLW\ YDOXDWLRQV EXW
VLPSOH HQRXJK WREHXVHG LQ WKHRSHUDWLRQV UHVHDUFKʑVXVXDOSURE
OHP IRUPXODWLRQV KDV EHHQ SURSRVHG 7KH YDOXH RI IOH[LELOLW\ LQ
WHUPV RI SURILW KDV VKRZQ KLJK GHSHQGHQF\ RQ WKH HIILFLHQF\ DW
SDUWORDG7KHUHIRUHZKHQ LQFOXGLQJ WKH IUHTXHQF\FRQWUROPDUNHW




E\HJ >@ZKLFKXVHV WKHSHUVSHFWLYHRI WKH V\VWHPRSHUDWRU LQ
VWHDGRI WKHSODQWRSHUDWRU WZRFRQFOXVLRQVPLJKWEHGUDZQ7KH
ILUVW FRQFOXVLRQ LV WKDW WKH YDOXH LQ *HUPDQ\ \HDU  RI WKH
DQDO\]HGIOH[LELOLW\UHWURILWVLQWKHZRUNDWKDQGDQGLQ>@DUHLQ
WKHVDPHRUGHURIPDJQLWXGH7KHIOH[LELOL]DWLRQYDOXHUDQJHIURPD
SODQW RSHUDWRUʑV SHUVSHFWLYH EHWZHHQ  DQG ʱ0:\HDU
DQG IURP D V\VWHP RSHUDWRUʑV SHUVSHFWLYH EHWZHHQ  DQG
ʱ0:\HDU DUH FRQVLVWHQW 7KH VHFRQG FRQFOXVLRQ WR EH
GUDZQ LV WKDW WKH ZRUN DW KDQGV RIIHUV PRUH GHWDLOHG DQG SRZHU
SODQW VSHFLILF LQIRUPDWLRQZKLFK LV QHFHVVDU\ IRU LQYHVWPHQWGHFL
VLRQPDNLQJ IURP DQ RSHUDWRUʑV SHUVSHFWLYH 5HDFKLQJ WKH VDPH







RSHUDWLRQDO IOH[LELOLW\ LPSURYHPHQWV LQ WHUPV RI UHODWLYH SURILW
LQFUHDVH DQG F\FOLQJ EHKDYLRU YDULHV IURP SRZHU SODQW WR SRZHU
SODQWDQGIURPRQHPDUNHWHQYLURQPHQWWRWKHQH[W(YHQIRUSRZ
HU SODQWVZLWK VLPLODU IOH[LELOLW\ FKDUDFWHULVWLFV LQ D JLYHQPDUNHW
HQYLURQPHQW WKH YDOXH RI DQ RSHUDWLRQDO IOH[LELOLW\ LPSURYHPHQW
PLJKWGLIIHUGXHWRIXUWKHUSRZHUSODQWFKDUDFWHULVWLFV7KHJHQHULF
IOH[LELOLW\ SURGXFW DQDO\VLV KDV VKRZQ WKDW WKH EHVW RSWLRQ LQ WKH
*HUPDQ GD\DKHDGPDUNHW LV D FRPELQDWLRQ RIPLQLPXP ORDG UH
GXFWLRQ DQG LQFUHDVHG UDPSUDWHVZKHUHDVZLWK IUHTXHQF\ FRQWURO
WKH EHVW RSWLRQ LPSURYHV UDPSUDWHV DORQH 7KH LQYHVWPHQW FDVH
VWXGLHVVKRZWKDWWKHDEVROXWHSURILWLQFUHDVHUHDFKHGYLDWKHWHVW
HG UHWURILWV DUH VHOGRP FRPSDWLEOH ZLWK WKH LQGXVWU\ VWDQGDUG
WKUHH\HDUUHWXUQRQLQYHVWPHQWUHTXLUHPHQWV,QWKLVFRQWH[WLWLV
OLNHO\ WKDW DPRQJ DOO SRVVLEOH LPSURYHPHQWV RQO\ WKH ORZKDQJLQJ
IUXLWV OLNH LQVWUXPHQWDWLRQ DQG FRQWURO ZLOO FRPH LQWR TXHVWLRQ
:KHQ FDSDFLW\ LV UHVHUYHG IRU WKH IUHTXHQF\ FRQWURO PDUNHW WKH
IOH[LELOLW\ WKDW FDQ EH RIIHUHG RQ WKH GD\DKHDG DQG LQWUDGD\




WLRQ IRU IUHTXHQF\ FRQWURO KHOS WR LQFUHDVH WKHYDOXH RI IOH[LELOLW\
LPSURYHPHQWVPHDVXUHG LQ WHUPVRI UHODWLYHSURILW LQFUHDVH7KHVH
PDUNHWV VKRXOGEHSDUWRIRSHUDWLRQDO IOH[LELOLW\DVVHVVPHQWV7KLV
ZRUN SURSRVHV D ZD\ WR DFFRXQW IRU WKHVH PDUNHWV IURP D SULFH
WDNHUSHUVSHFWLYHDQGWKHUHVXOWVVKRZWKDWGHVSLWHLPSURYHGIRU
PXODWLRQV RSSRUWXQLW\ FRVW DSSURDFKHV IRU IUHTXHQF\ FRQWURO FD
SDFLW\ UHVHUYDWLRQPLJKW QRW VXIILFH WR UHDFK D SURILW LQFUHDVH $
VLPXODWLRQRIWKHSRZHUSODQWGLVSDWFKDVSHUIRUPHGLQWKHZRUNDW





7KHGD\DKHDGPDUNHWZKHQ FRPSDULQJ WKH\HDUV DQG




IUHTXHQF\ FRQWURO DQG LQWUDGD\PDUNHWV KDYH WKXV EHHQ DQDO\]HG
%RWK PDUNHWV DOORZ LQFUHDVLQJ WKH \HDUO\ SURILW DQG WKH YDOXH RI
RSHUDWLRQDO IOH[LELOLW\ LPSURYHPHQWV 7KH DQDO\VLV RI WKH LQGLUHFW
ILULQJRSHUDWLRQDOIOH[LELOLW\LPSURYHPHQWLQWKHGD\DKHDGPDUNHWV
KDV VKRZQ WKDW WKH *HUPDQPDUNHW HQYLURQPHQW LV WKH RQH ZLWK
WKHPRVWWHFKQRORJLFDOO\GLIIHUHQWLDWHGLQFHQWLYHVUHJDUGLQJUHODWLYH
SURILW LQFUHDVH:KHQ H[WHQGLQJ WKH DQDO\VLV WR IUHTXHQF\ FRQWURO
WKH6SDQLVKPDUNHWHQYLURQPHQW VHQGVPRUH WHFKQRORJ\GLIIHUHQWL
DWHG VLJQDOV WKDQ LQ WKH GD\DKHDG PDUNHW DORQH ,Q WKLV PDUNHW
FRQWH[WWKHSRZHUSODQWVZLWKWKHORZHVWPLQLPXPORDGDQGKLJK
HVW UDPSUDWHV UHDFK WKHKLJKHVWSURILW LQFUHDVH D FRQFOXVLRQWKDW
FRXOGQʑWEHUDLVHGIRU*HUPDQ\SUREDEO\GXHWRWKHZHHNO\FDSDF













SUREOHPDWLFV7KH VHFXULW\DVSHFWRI WKHRWKHU FRQYHQWLRQDOSRZHU
SODQWVLVOHVVGLVFXVVHGWKDQLQWKHFDVHRIQXFOHDUSRZHU7KHPDLQ
GUDZEDFNDQGFRQFHUQDVVRFLDWHGZLWK FRDO DQGJDVILUHGSODQWV LV
WKH HQYLURQPHQWDO WKUHDW RI HPLWWHG JUHHQKRXVH JDV SROOXWDQWV
:KLOHFRDOILUHGSRZHUSODQWVDUHHTXLSSHGZLWK62[DQG12[ILO
WHUV\VWHPVLWLVQRWWKHFDVHIRU&27KHFDSWXUHRI&2LVWHFKQLFDOO\ IHDVLEOH EXW WKH TXHVWLRQ RI WKH UHXVH RU VWRUDJH VWLOO GL
YLGHVDQGPRVWUHVHDUFKSURMHFWVKDYHEHHQVWRSSHGLQ(XURSH$V
WKHHIILFLHQF\RISRZHUSURGXFWLRQYDULHVZLWK ORDGVRGRWKHVSH
FLILF&2 HPLVVLRQV7KH UHYLHZ LQ >@ VXJJHVWV WKDW DWSDUWORDGFRDOILUHGSODQWVKDYH ORZHU VSHFLILF62[12[ DQG&2HPLVVLRQV
EXWKLJKHUVSHFLILF&2HPLVVLRQVWKDQJDVILUHGSRZHUSODQWV7KHUHYLHZLQ>@VWDWHVWKDWHPLVVLRQFRQWURORI62[DQG12[LVWHFK
QLFDOO\ IHDVLEOH HYHQ E\ IOH[LEOH SODQW RSHUDWLRQ DQG WKHVH SROOX
WDQWV DUH WKHUHIRUH QRW LQFOXGHG LQ WKH PRGHO SURSRVHG LQ WKLV
ZRUN 7R DFFRXQW IRU WKH &2 HPLVVLRQV HYHQ E\ IOH[LEOH SODQWRSHUDWLRQWKHORDGGHSHQGHQWHIILFLHQF\DQGWKHIXHOVSHFLILFHPLV
 
VLRQFRVWVDQGDPRXQWVDUHPDGHXVHRI$VVXJJHVWHGLQHJ>@
GHVSLWH WKH LQFUHDVHG VSHFLILF &2 HPLVVLRQV DW SDUWORDG IOH[LEOHSODQW RSHUDWLRQPLJKWQRW LPSDFW WKH DEVROXWH HPLVVLRQV DVSDUW
ORDG RSHUDWLRQ DOVR UHVXOWV LQ ORZHU WRWDO HOHFWULFLW\ SURGXFWLRQ
7KH DQDO\VLV SHUIRUPHG LQ >@ OHDGV WR WKH FRQFOXVLRQ WKDW WKH
KLJKHUVSHFLILF&2HPLVVLRQVGXHWRIOH[LEOHRSHUDWLRQGRQRWRIIVHWWKHHPLVVLRQUHGXFWLRQVUHDFKHGYLDLQFUHDVHGZLQGEDVHGHOHFWULFLW\
JHQHUDWLRQ >@ ILQGV ORZHU HPLVVLRQVZKHQRSHUDWLQJD UHWURILWWHG
SRZHU SODQW FRPSDUHG WR LWV EDVHOLQH OHVV IOH[LEOH YHUVLRQ 7KLV
FRQFOXVLRQ LV VXSSRUWHG E\ WKH FDOFXODWLRQV SHUIRUPHG LQ WKLV
ZRUNʑVFDVHVWXGLHV7KHPDUNHWHQYLURQPHQWOHDGLQJWRWKHVWHHS
HVWLQFUHDVHLQVWDUWXSVDQGSDUWORDGHYHQWVZKHQFRPSDULQJ
WRKDVEHHQVHOHFWHGDQGDQDO\]HGLQWHUPVRI&2HPLVVLRQV7KH GLVSDWFK RI WKH KDUG FRDOILUHG SRZHU SODQWV LQ WKLV HQYLURQ
PHQWVKRZVWKDWGHVSLWHLQFUHDVHGF\FOLQJWKHDEVROXWH&2HPLVVLRQVDUHVWDEOHRUHYHQGHFUHDVHG7KHVSHFLILFHPLVVLRQLQFUHDVHDW
SDUWORDG LV RIIVHW E\ WKH UHGXFHG DEVROXWH HOHFWULFLW\ SURGXFWLRQ
7KLVUHVXOWGHSHQGVRQFRPSOH[ LQWHUGHSHQGHQFLHVEXW LQWKHFDVH
DQDO\]HGLQWKLVZRUNWKHIOH[LEOHRSHUDWLRQOHDGVWRPRUHLJQLWLRQ
IXHO FRQVXPSWLRQ ZKLFK KDV ORZHU VSHFLILF HPLVVLRQV WKDQ FRDO





$PHWKRGRORJLFDO IUDPHZRUN WRDVVHVV WKHYDOXHRI D FRQYHQWLRQDO
SRZHU SODQWʑV RSHUDWLRQDO IOH[LELOLW\ WR VXSSRUW WKH LQWHJUDWLRQ RI
LQFUHDVLQJ VKDUHV RI UHQHZDEOHV LQ WKH HOHFWULFLW\ SURGXFWLRQ PL[




VXFK D PHWULF ZRXOG QHFHVVDULO\ FRQFHDO WKHLU LQWHUDFWLRQV >@
7KHUHIRUHWKHSURSRVHGZRUNOHDYHVWKHFKRLFHRIWKHPHWULFRSHQ
7KHFDVHVWXGLHVKDYHVKRZQKRZWRDGDSWWKHPHWULFFKRLFHWRWKH










IHUHQW WLPH GLVFUHWL]DWLRQ DQG KRUL]RQV RI LQWUDGD\ DQG IUHTXHQF\
FRQWURO PDUNHWV 7R IXOILOO WKLV VSHFLILFDWLRQ WKH ZRUN DW KDQG
PDNHVXVHRIWKHXQLWFRPPLWPHQWDQGHFRQRPLFGLVSDWFKSUREOHP
WRTXDQWLI\WKHYDOXHRIRSHUDWLRQDOIOH[LELOLW\'XHWRWKHUHVHDUFK
TXHVWLRQV WKH VLQJOH XQLW VHOIVFKHGXOLQJ SUREOHP RI D PHUFKDQW
SRZHU SODQW KDV EHHQ VHOHFWHG DQG IRUPXODWHG IURP D SULFHWDNHU
SHUVSHFWLYH7KLV IRUPXODWLRQ LQFOXGHVDSRZHUSODQWPRGHO VXLWHG
IRURSHUDWLRQDOIOH[LELOLW\DVVHVVPHQWV7KHTXDQWLILFDWLRQRILWV LQ
IOXHQFH RQ WKH SRZHU SODQW GLVSDWFKKDV VKRZQ WKH LPSRUWDQFH RI
HIILFLHQF\ GHJUDGDWLRQ DW SDUWORDG 7KH SUREOHP IRUPXODWLRQ IXU
WKHUPDNHVXVHRIWKHFRQFHSWVRIHYHQWVDQGILQLWHVWDWHPDFKLQHV
WDNHQ IURP WKH 'LVFUHWH (YHQW 6\VWHPV WKHRU\ 7KLV DOWHUQDWLYH
DSSURDFKWRWKHXQLIRUPGLVFUHWL]DWLRQRIWLPHRYHUFRPHVWKHILQHU




KDV VKRZQ WKDW WKHVHPDUNHWV LQIOXHQFH WKH SRZHU SODQWʑV IOH[LEOH




7KH FDVH VWXGLHV SHUIRUPHG LQ WKH WKLUG SDUW SURYLGH GHWDLOHG LQ
VLJKWV LQWR WKH SRZHU SODQWʑV IOH[LEOH GLVSDWFK DQG WKH LQFHQWLYHV
VHQW E\ WKH YDULRXVPDUNHW HQYLURQPHQWV 7KH REVHUYDWLRQ RI WKH
GD\DKHDGPDUNHWV KDV VKRZQ WKDW WKHVHPDUNHWV VHQG LQFHQWLYHV
WR RSHUDWH LQ D PRUH IOH[LEOH ZD\ ZKHQ WKH UHQHZDEOHV VKDUH
LQFUHDVHVEXWGRQRWFRPSHQVDWH IRU WKLV V\VWHPIULHQGO\GLVSDWFK
7KLVZRUNGRHVQRWDQVZHUWKHTXHVWLRQRIZKHWKHUWKLVFRPSHQVD
WLRQ VKRXOG EH SXW LQ SODFH VHH HJ >@ ,W KDV EHHQ REVHUYHG
WKDWWKHIUHTXHQF\FRQWURODQGLQWUDGD\PDUNHWVDOORZIRUDSURILW
LQFUHDVH ZKHQ FRPSDUHG WR WKH GD\DKHDG PDUNHW 7KH GHVLJQ RI
WKH IUHTXHQF\ FRQWUROPDUNHWVZLWK DZHHNO\ UHVHUYDWLRQ GRHV QRW
LQFHQWWKHPRVWIOH[LEOHSRZHUSODQWV6KRUWHUWLPHKRUL]RQVVKRXOG
EH SXW LQ SODFH ZKHQ SXUVXLQJ WKLV DLP 7KLV FKDQJH LQ GHVLJQ
ZRXOG DOVR HDVH WKH SDUWLFLSDWLRQ RI QRQGLVSDWFKDEOH UHQHZDEOH





ZKHUHDV WKH FRQWUDU\ LV REVHUYHG DW RWKHU SRZHU SODQWV )XUWKHU
PRUH ZLWKLQ D JLYHQ PDUNHW HQYLURQPHQW WKH IUHTXHQF\ FRQWURO
PDUNHWVWKHSODQWLVVHOOLQJLWVFDSDFLW\WRDQGWKHDUELWUDJHRSSRU
WXQLWLHV RIIHUHG E\ WKH LQWUDGD\PDUNHW LQIOXHQFHZKLFK IOH[LELOLW\
LPSURYHPHQW LVEHVW VXLWHG)RU WKH*HUPDQGD\DKHDGPDUNHW D
UHGXFWLRQRIPLQLPXPORDGDQGLQFUHDVHRIUDPSUDWHVLVEHVWVXLW





7KH YDOXH RI RSHUDWLRQDO IOH[LELOLW\ UHWURILWV IRXQG YLD WKH GHYHO
RSHGDSSURDFKKDV DOVREHHQ FRPSDUHG WR WKHYDOXHVGHOLYHUHGE\
DQ DOWHUQDWLYH DSSURDFK 7KH VDLG DSSURDFK WR EH IRXQG LQ >@
VROYHVWKHSUREOHPIURPDV\VWHPRSHUDWRUʑVSRLQWRIYLHZ LQVWHDG
RIDSRZHUSODQWRSHUDWRUʑVSRLQWRIYLHZ7KHGDWDLQWHQVHPRGHO
GRHV QRW DOORZ DV GHWDLOHG SRZHU SODQW UHSUHVHQWDWLRQV DV WKH RQH




WKHYDOXH UDQJHRI RSHUDWLRQDO IOH[LELOLW\ UHWURILWV LQYDULRXV FRXQ
WULHV $W WKH KDUG FRDOILUHG SRZHU SODQW VLPLODU WR WKH *HUPDQ
5RVWRFN SRZHU SODQW WKH LQGLUHFWILULQJOLNH UHWURILW LV ZRUWK EH


















WR DFFRXQW IRU WKH UHGXFHG RSHUDWLQJ UDQJH )RUPXODWLRQV IRU WKH
HQHUJ\ SURYLVLRQ ZLWK NQRZQ GHPDQG FRXOG EH WDNHQ IURP HJ
>@
,W KDV IXUWKHU EHHQ REVHUYHG WKDW IOH[LELOLW\ DVVHVVPHQWV UHTXLUH
SRZHUSODQWPRGHOVDFFRXQWLQJIRUDW OHDVWHIILFLHQF\GHJUDGDWLRQ
DW SDUWORDG QRQFRQVWDQW VWDUWXS FRVWV DQG IXHO VSHFLILF &2HPLVVLRQ IDFWRUV7KHSDUDPHWULFSRZHUSODQWPRGHOKDVEHHQ IRU
PXODWHG LQDPL[HGLQWHJHUSURJUDPPLQJSUREOHPZKHQYDOLGDWLQJ
WKHHYHQWEDVHGDSSURDFK ,WFRXOGEH LQWHJUDWHG LQWRPRVWHQHUJ\








LV WR LQFOXGHXQFHUWDLQW\ DQG WKXV VWRFKDVWLFLW\ZLWKLQ WKHPRGHO
7KLV DGGLWLRQDO IHDWXUH ZRXOG DOORZ ULVNDYHUVH XVHUV WR WHVW D
EURDGHU UDQJHRISRVVLEOH RXWFRPHV$ VWUDLJKWIRUZDUGZD\ WR LP
SOHPHQWWKLVLVWRDSSO\WKHPHWKRGVSURSRVHGLQWKHZRUNDWKDQG
DQGUXQWKHVLPXODWLRQVIRUGLIIHUHQWLQSXWVZLWKJLYHQSUREDELOLW\
GLVWULEXWLRQV $ PRUH VRSKLVWLFDWHG DOWHUQDWLYH LV WR XVH WKH SUR
SRVHG SRZHU SODQW DQGPDUNHWPRGHOV LQ D VWRFKDVWLF IRUPXODWLRQ
RIWKHGLVSDWFKSUREOHP:KHQDFFRXQWLQJIRUXQFHUWDLQW\LWPLJKW
EHFRPHZRUWKLWWRDGDSWWKHVWDWHPDFKLQHWRDOORZIRUSDUWORDG







HU VKDUHV RI UHQHZDEOHV LV WR H[WHQG WKH SHUIRUPHG FDVH VWXGLHV
ZLWKSRZHUSODQWRSHUDWRUDUELWUDJH LQ LWV IOHHW7KHUHVXOWVPLJKW




FDO REVHUYDWLRQV LQVWHDG RI UHO\LQJ RQ DVVXPSWLRQV DQG VFHQDULRV
,QFDVHWKLVDOWHUQDWLYHPHWKRGRORJ\ZDVWREHFKRVHQLWZRXOGEH
LQWHUHVWLQJ WR XVH WKH RXWSXW SULFH WLPH VHULHV IURP IXQGDPHQWDO
PDUNHWPRGHOVDVLQSXWSULFHVIRUWKHPRGHOVGHYHORSHGLQWKHZRUN
DWKDQG$IXUWKHUVWHSZRXOGEHWRFRPSDUHWKHSULFHWLPHVHULHV
UHVXOWLQJ IURP IXQGDPHQWDO PRGHOV ZLWK WKH RQHV UHVXOWLQJ IURP
DJHQWEDVHG VLPXODWLRQV UHJUHVVLRQ DQDO\VLV DQG DUWLILFLDO LQWHOOL
JHQFHPRGHOV

7KH FRQFHSWV DQG FDVH VWXGLHV GHSLFWHG LQ WKLVZRUN DUH LQWHQGHG
IRU WKH HYDOXDWLRQ RI WKH FRQYHQWLRQDO SRZHU SODQWʑV FRQWULEXWLRQ
WR WKH HQHUJ\ WUDQVLWLRQ LQ WHUPV RI RSHUDWLRQDO IOH[LELOLW\ 7KLV
HYDOXDWLRQLVEDVHGRQWKHFXUUHQWGHVLJQRIWKH(XURSHDQPDUNHWV
7KHSRZHUSODQWRSHUDWLRQVWUDWHJLHVDVVXPHGLQWKLVZRUNDUHOLNH
O\ WR DSSO\ LQ OLEHUDOL]HGPDUNHWV EDVHG RQ DPL[ RI YRODWLOH DQG
GLVSDWFKDEOHSODQWV,WLVKRZHYHUTXHVWLRQDEOHZKHWKHUWKHVHGH





WKHVH IHZSODQWV DUH RSHUDWHG FRQWLQXRXVO\ WR DYRLG F\FOLQJ FRVWV
DQG SURYLGH D UHOLDEOH EDVLV IRU VSLQQLQJ FRQWURO :KDWHYHU WKLV
V\VWHPPLJKW ORRN OLNH QHZ FRQFHSWV IRU UHZDUGLQJ WKHVH VHUYLFHV
ZLOOEHUHTXLUHG$VWKHV\VWHPVKLIWV IURPDIXHOLQWHQVLYHWRZDUG
D FDSLWDOLQWHQVLYH SDUDGLJP >@ LW LV XQOLNHO\ WKDW DPDUJLQDO
FRVW EDVHG SULFH VHWWOHPHQWZLOO VHW DSSURSULDWH RSHUDWLRQ DQG LQ
YHVWPHQW VLJQDOV ,Q WKLV UHJDUG WKH DXWKRUV RI >ʍ@ GHOLYHU
LQVLJKWV LQWR PDUNHW GHVLJQV IRU VKRUWWHUP VXSSO\ DQG ORQJWHUP
FDSDFLW\ DGHTXDF\ LQ D IXOO\ UHQHZDEOH V\VWHP >@ LGHQWLILHV
WKUHHDGDSWDWLRQRSWLRQV7KH ILUVW WZRFRQFHSWV LQYROYHXVLQJWKH
FRQFHSW RI YLUWXDO SRZHU SODQWV WR PDNH WKH QHZ V\VWHP DV ZDV
XVHGLQWKHKLVWRULFV\VWHPRUWRDGDSWWKHFXUUHQWPDUNHWGHVLJQ
7KLVDGDSWDWLRQ LVDOVRDGGUHVVHG LQHJ >@7KH VFRSHRI WKHVH
 
DGDSWDWLRQV FRQFHUQV LWVHOI ZLWK WKH VZLWFK IURP ]RQDO WR QRGDO
SULFLQJ WKHH[WHQVLRQ IURPHQHUJ\RQO\PDUNHWV WRHQHUJ\DQGFD
SDFLW\PDUNHWVWKHLQWURGXFWLRQRIFRPSOH[ELGVDVZHOODVDQLP
SURYHG WLPH JUDQXODULW\ LQ PDUNHW GHVLJQ >@ GHILQHV ZKLFK RI




>@ JRHV IXUWKHU LQ LWV WKLUG DGDSWDWLRQ SDWK E\ VXJJHVWLQJ WKDW
VWDWHPRQRSROLHVPLJKW EH UHLQWURGXFHG$OWHUQDWLYHO\ WKH DXWKRU
RI >@ SURSRVHV WR LQWURGXFH D SRRO PDUNHW DV LQ WKH 1RUWK
$PHULFDQPDUNHWV 7KLV PDUNHW LV FKDUDFWHUL]HG E\ QRGDO SULFLQJ
DQG VLPXOWDQHRXV FOHDULQJ RI HQHUJ\ DQG IUHTXHQF\ FRQWURO /RQJ
WHUP WDULIIV IRU DOO JHQHUDWLRQ WHFKQRORJLHV RU JHQHUDWLRQ
WHFKQRORJ\VSHFLILF DXFWLRQV ZLWK ORQJWHUP FRQWUDFWV DUH IXUWKHU
VXJJHVWHG$V WKLV RYHUYLHZ LOOXVWUDWHV YDULRXV GHVLJQ RSWLRQV DUH
DYDLODEOH DQG PLJKW LQVSLUH IXUWKHU GHVLJQ LPSURYHPHQWV ,Q WKLV
UHJDUGHQHUJ\V\VWHPVZLWKDOUHDG\KLJKVKDUHVRIUHQHZDEOHVSUR
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